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ABSTRACT 
 
Factors Associated with Blood Lead Levels of Children in Southern Nevada 
An Abstract 
 
by 
 
Mackenzie Suzanne Burns 
 
Dr. Shawn Gerstenberger, Examination Committee Chair 
Executive Associate Dean of Environmental and Occupational Health 
University of Nevada, Las Vegas 
 
 
Exposure to lead continues to be a public health concern, particularly for young 
children.  The Centers for Disease Control and Prevention report that approximately 
250,000 children currently have blood lead levels (BLLs) above the level at which 
adverse health effects are apparent and intervention is recommended (10µg/dL).  
National surveillance data on childhood lead exposure has been collected for children 
under the age of 6 years old since 1995.  However, not until 2006 did a program begin in 
Nevada (limited to Clark County); therefore, statewide data about childhood lead 
exposure in Nevada remains limited.   
The goal of this study was to identify possible sources of lead exposure through 
increased screening efforts and to identify the factors most associated with blood lead 
levels in Southern Nevada children.  Throughout the study period, a total of 1,048 
families received educational materials regarding the dangers of childhood lead 
poisoning.  Of those, 564 children were recruited into the study.  Blood samples were 
collected for each of the participants by either venous blood draw or capillary finger 
stick, depending on the availability of the method and parental preference.  Blood lead 
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level (BLL) analysis identified 35 children with detectable BLLs, with a range of 3µg/dL 
to a high of 7µg/dL. 
Study participants also completed a five question questionnaire intended to identify 
behaviors and items which could put them at risk for atypical lead exposures.  A number 
of potential sources were identified; the most common including: the habit of putting 
non-food items into the mouth (particularly toys), the ingestion of paleta imported 
candies, the use of pewter home goods in the household, and "take-home exposure" from 
household members whose occupation exposed them to lead.  Statistical analysis, by 
Fisher's exact test, indicated that there was a significant difference in the proportion of 
children with detectable BLLs who had the habit of putting non-food items into their 
mouths versus the proportion of children with detectable BLLs who did not have the 
same habit.  These results, while restricted to the study population, indicate that further 
research is needed to identify what items are posing the greatest risk for oral lead 
exposure. 
This research suggests that Southern Nevada children may have relatively low BLLs.  
However, since the study results are not considered representative, further research is 
needed to truly identify the prevalence of the problem.  These data indicate that Southern 
Nevada children may likely be exposed to a variety of atypical sources which may 
increase their risk for lead poisoning.  As such, further educational, screening, and 
research efforts are essential for the primary prevention of future childhood lead 
poisoning cases in Southern Nevada. 
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CHAPTER 1 
INTRODUCTION 
Purpose of the Study 
The primary purpose of the study was to determine which factors are most associated 
with the blood lead levels of children in Southern Nevada.  The study was also designed 
to increase the number of children in Southern Nevada tested for lead exposure.  By 
increasing the number of children tested, the study served to further educate the public 
about the importance of childhood lead screening, as well as, identify populations at 
higher risk for lead poisoning in Southern Nevada.  Information pertaining to possible 
exposures to lead was analyzed in an attempt to find such associations.  These 
associations are the basis for the study’s research questions and subsequent hypotheses. 
 
Research Questions 
 What are the blood lead levels (BLLs) of children in Southern Nevada and are the 
children at risk for lead poisoning? 
 Is there a relationship between possible exposure to lead-contaminated products and a 
child’s blood lead level (BLL)? 
 
Hypotheses 
The concentration of lead in the blood, considered an appropriate test of lead 
exposure, may be dependent on the potential lead exposures experienced by the child.  In 
this study, a five question questionnaire was completed for all participants (APPENDIX 
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3), which served to identify potential lead exposures, particularly those considered to be 
atypical.  These questions served as the source for the research hypotheses. 
 
HA1: The proportion of children with detectable blood lead concentrations will be 
different between those who have the habit of eating, chewing, or sucking non-
food items and those who do not have the same habit.   
 
The basis for this hypothesis is that when a child puts non-food items in their mouth, 
there is a greater opportunity for oral lead exposure. 
 
HA2: The proportion of children with detectable blood lead concentrations will be 
different between those who ingest imported candies and those who do not ingest 
imported candies.   
 
The basis for this hypothesis is that consumption of imported candies by a child, 
which may be contaminated with lead, represents a greater opportunity for oral exposure. 
 
HA3: The proportion of children with detectable blood lead concentrations will be 
different between those whose families use certain home goods, associated with 
lead contamination, and those whose families do not use the same home goods.   
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The basis for this hypothesis is that use of certain home goods by a child’s family, 
which may contain lead, increases the opportunity for exposure to the child primarily 
through the leaching of lead during food and beverage preparation or storage. 
 
HA4: The proportion of children with detectable blood lead concentrations will be 
different between those whose families use ethnic remedies or cosmetics and 
those whose families do not use ethnic remedies or cosmetics.   
 
The basis for this hypothesis is that use of ethnic remedies and cosmetics by the 
family, which may contain lead, increases the opportunity for exposure to the child, 
particularly when intentionally administered. 
 
HA5: The proportion of children with detectable blood lead concentrations will be 
different between those whose household members are exposed to lead in their 
occupation and those whose household members do not have lead exposure in 
their occupations.   
 
The basis for this hypothesis is that household members exposed to lead through their 
occupation provide opportunities to unknowingly bring lead into the home environment 
and increase exposure to their children. 
 
All hypotheses were analyzed by comparing the frequency of affirmative responses 
on the questionnaire for each individual question.  The frequency of affirmative 
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responses was then compared within a study-identified group, based on resulting blood 
lead level (BLL) laboratory findings.  Study participants were placed in the Detectable 
BLL Group if their BLL was found to be in excess of the respective method detection 
limit for either their venous or capillary blood draw.  Once the group members were 
defined, a test of two proportions was conducted for each question and results were 
analyzed using Fisher’s exact test p-values.  A detailed description of the questionnaire 
responses for all detectable BLL cases is also included in the document. 
 
Significance of the Study 
In the late 1990s, the Centers for Disease Control and Prevention proposed their 
document Healthy People 2010, a set of objectives aimed at ensuring good health and 
long lives are afforded to all individuals.  With Objective 8-11, the goal of eliminating 
elevated blood lead levels in children was established (DHHS, 2000).  In order to realize 
this goal, state and local data are necessary to determine trends in childhood blood lead 
levels, develop effective prevention measures, and monitor progress towards its 
achievement (CDC, 2003b).  This research study was designed to enhance local 
surveillance, identify sources of lead exposure, and find the factors most associated with 
blood lead levels of children in Southern Nevada.  The study is significant in that it 
contributes to the greater goal established by Healthy People 2010. 
  
5 
 
CHAPTER 2 
REVIEW OF RELATED LITERATURE 
Chemical and Physical Properties of Lead 
Chemically, lead is an element found in Group 14, Period IV on the periodic table 
(Petrucci, Harwood, & Herring, 2002).  The atomic symbol for lead is represented as Pb, 
for the Latin plumbum; its atomic number is 82.  With an atomic radius of 175.0pm, lead 
has an atomic weight of 207.2g (Los Alamos, 2003).  Natural lead is a mixture of four 
stable isotopes resulting from the decay of uranium, actinium, and thorium (ATSDR, 
2007b).  In order of abundance from greatest to least, stable lead isotopes include: 
208
Pb 
(52.4%), 
206
Pb (24.1%), 
207
Pb (22.1%), and the relatively uncommon 
204
Pb at 1.4% 
(Petrucci et al., 2002).  There are twenty seven additional radioactive lead isotopes which 
are also recognized (Los Alamos, 2003).   
Inorganic lead exists in three oxidation states: the familiar bluish-gray metal which 
exists rarely in nature, Pb(0); the most prevalent environmental form, Pb(II); and Pb(IV) 
which is not naturally occurring and is formed only under extreme oxidizing stress 
(Petrucci et al., 2002).  Pb(IV) is the oxidation state responsible for most organolead 
compounds (ATSDR, 2007b).  In contrast, Pb(II) typically forms compound salts and 
deposits in various ores throughout the world (Petrucci et al., 2002).  The most common 
lead compounds found in ores are PbS (galena), PbSO4 (anglesite), and PbCO3, 
(cerussite) (Witkowski & Parish, 2001).  Although not particularly abundant, as 
compared to aluminum and iron, the lead ores in the Earth’s crust produce lead at 
approximately 15-20mg/kg (ATSDR, 2007b).  More than one third of the world’s lead 
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reserve is in North America and is readily accessible.  It is frequently mined in both 
Alaska and Missouri (ATSDR, 2007b). 
Metallic lead is heavy, dense (density at 20 ºC = 11.34g/cm
3
), and has a relatively low 
melting point at 327 ºC.  These properties make lead both durable and malleable (Petrucci 
et al., 2002).  Additionally, lead is extremely resistant to corrosion when exposed to air or 
water.  When exposed, lead compounds form a film on the surface to protect the 
underlying metal, essentially slowing or completely stopping corrosion (ATSDR, 2007b).  
While metallic lead is insoluble in water, lead compounds, also known as lead salts, are 
water soluble (Williams, James, & Roberts, 2000).  Lead compounds are also unique in 
that they are amphoteric; they can be dissolved into component ions in both acids and 
bases (ATSDR, 2007b).  Lead can also be combined with other metals to form strong 
alloys (Petrucci et al., 2002).  These distinctive chemical and physical properties of lead 
have resulted in its extensive use by humans. 
 
Human Use of Lead 
As mentioned, lead occurs naturally in the environment, albeit relatively scarcely.  
Interestingly, environmental lead levels, particularly outside of ores, have increased 
dramatically due to recent human activity (Williams et al., 2000).  Human interest in the 
use of lead is not new, as lead has been identified as one of the first metals used by early 
civilizations (Su, Barrueto, & Hoffman, 2002).  However, it is estimated that 
environmental lead levels have increased by over 1000 times throughout the past few 
centuries, with the greatest increase between the years 1950 and 2000 (ATSDR, 2007b). 
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Humans release lead into the environment through the processes of mining, and the 
production, recycling, or waste management of lead alloys and compounds (ATSDR, 
2007b).  Historically, lead has been used as an additive in paint, dyes, and glazes 
(Petrucci et al., 2002).  Lead has also been used as a solder for pipes and plumbing 
fittings, and as a component in pesticides (ATSDR, 2007b).  Perhaps the most well 
known human use of lead was as the anti-knock, octane-boosting gasoline additive, 
tetraethyl lead (Nriagu, 1990).  Fortunately, as the adverse health effects associated with 
lead exposure became more apparent, the United States began regulation (over the past 
three decades) of lead content in these products (Wigle, 2003).  These regulations have 
resulted in a dramatic decrease in the human release of lead into the environment 
(ATSDR, 2007b).   
Conversely, the use of lead is not as strictly regulated in other parts of the world; for 
example, leaded gasoline and pesticides are still in use outside of the United States 
(Wigle, 2003).  Also, even in the U.S., the use of lead in car batteries, ammunition, 
shielding for x-rays, and corrosion resistant building materials continues (Williams et al., 
2000).  As elemental lead does not degrade, humans are still contributing a significant 
amount of lead to the environment, which continues to pose both environmental and 
human health risks (Su et al., 2002). 
 
Toxicokinetics 
The presence of lead in the environment due to natural or anthropogenic causes does 
not itself constitute a health risk.  In order to be adversely affected by the presence of 
lead, one must be exposed via a pathway such as inhalation, ingestion, or in few 
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instances, dermal contact.  The resulting degree of harm is then dependent on individual 
characteristics (i.e. age, gender, current health status, and behaviors), as well as, the 
exposure dose, duration, and exposure pathway (ATSDR, 2007b). 
Absorption 
Absorption of lead into the human body, specifically into the bloodstream, can occur 
via one of the three identified exposure pathways: inhalation, ingestion, or dermal contact 
(ATSDR, 2007b).  However, it is important to note that the adverse health effects 
associated with lead exposure are the same regardless of the exposure pathway (Williams 
et al., 2000). 
Inhalation 
Inhalation exposures are responsible for the greatest proportion of lead dose to 
occupationally exposed individuals (Williams et al., 2000).  Absorption via inhalation 
occurs when small lead particles, typically <1.0µm, are inhaled from the ambient air and 
deposited deep within the respiratory tract.  In the alveolar region, small lead particles 
can be ingested by phagocytes or dissolved extracellularly (James et al., 1994).  Some 
studies suggest that up to 95% of the small lead particles which are deposited in the deep 
respiratory tract can be absorbed by the body, representing the greatest absorption rate of 
the three exposure pathways (Hursh, Schraub, Sattler, & Hofmann, 1969).  These 
numbers approximate the absorption via inhalation for both inorganic and organic lead.  
For larger lead particles (>1.0µm but <2.5µm) deposition into more superficial portions 
of the respiratory tract may lead to subsequent ingestion.  Ciliated cells of the upper 
respiratory tract are able to transport larger particles to the esophagus (Hursh et al., 
1969). 
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Ingestion 
In contrast to inhalation, ingestion exposures are responsible for the greatest 
proportion of lead dose to the average individual (Williams et al., 2000).  Absorption of 
lead via ingestion may be the result of the mucociliary transport of lead particles from the 
respiratory tract, described above (Hursh et al., 1969), or the result of oral contact and 
ingestion of lead dust or lead contaminated products.  As with inhalation, gastrointestinal 
absorption of lead is also dependent on particle size, but is also affected by various other 
physiological states of the exposed individual, as well as, physiochemical characteristics 
of the lead itself (Wigle, 2003). 
There are vast differences in the absorption of lead based on the age of the exposed 
individual.  Children absorb as much as 50% of ingested inorganic lead (Alexander, 
Clayton, & Delves, 1974), while adults absorb typically less than 10% (Heard & 
Chamberlain, 1982).  The explanation for this difference is not well understood, but may 
be the result of differing diets or physiological differences between child and adult 
intestines.  Additionally, the presence of food in the stomach and the overall nutritional 
status of the individual also greatly impacts lead absorption (Heard & Chamberlain, 
1982).  The presence of food in the stomach, which is rich in minerals, seems to decrease 
lead absorption (Blake & Mann, 1983).  Additionally, there is an indirect relationship 
between dietary iron and calcium intake and gastrointestinal absorption of lead.  This 
relationship is evident in both children and adults (Mahaffey & Annest, 1986). 
There is also evidence that the percentage of lead absorbed in the gastrointestinal tract 
is affected by both dose and lead particle size.  There seems to be a nonlinear relationship 
between absorbed lead and lead intake, which suggests that the human capacity to absorb 
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lead is limited (Pocock et al., 1983).  While interesting, the dose at which the process is 
limited has not yet been identified.  Further, similarly to inhalation, smaller lead particles 
(<100µm) are more easily absorbed in the gastrointestinal tract versus larger particles 
(Healy, Harrison, Aslam, Davis, & Wilson, 1982).  Additionally, the surface area and 
morphology of the lead particles can also have an effect on absorption rates (Davis, 
Ruby, & Bergstrom, 1994). 
Dermal Contact 
Of the three identified exposure pathways, dermal contact with lead is the least 
significant route of lead absorption.  Some studies suggest that inorganic lead, in certain 
compounds such as lead acetate, can adhere and possible penetrate the skin of exposed 
individuals; although the relative absorbed doses appear to be small (<1%) (Moore et al., 
1980).  Of course, damaged or wounded skin may allow the absorption of more lead into 
the body.  However, organic lead has been shown to be easily and readily absorbed by the 
skin [in animal studies], posing a greater risk for absorption than inorganic lead (Bress, 
1991). 
Distribution 
Regardless of the route of exposure, absorbed inorganic lead appears to be distributed 
throughout the body similarly and is mostly consistent among both children and adults 
(Kehoe, 1987).  Absorbed lead is transported to blood, bone, and soft tissues, and can 
cross the placenta in pregnant women (CDC, 2002).  The total amount of absorbed and 
distributed lead in a human body is referred to as body burden (Williams et al., 2000).   
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Lead in Blood 
Once absorbed, lead enters the blood stream and binds preferentially (approximately 
99%) to red blood cells (Bergdahl, 1997).  The lead is typically bound to interior proteins 
of the red blood cells, as opposed to being bound to the exterior cell membrane.  Very 
small amounts of lead may exist in the plasma, typically bound to plasma proteins such as 
albumin (Al-Modhefer et al., 1991).  It is approximated that lead in the blood stream has 
an excretory half-life of approximately 30 days (Chamberlain et al., 1978).  As such, 
venous blood lead levels can be a useful measure of recent or ongoing lead exposures. 
Lead in Bone 
 In humans, the majority of an individual’s body burden is carried in the bones and 
teeth (approximately 73% for children and 94% for adults) (Barry, 1975).  Lead 
accumulates primarily in the areas of bone undergoing calcification during the time of 
exposure (Aufderheide & Wittmers, 1992).  This may be due to the valence similarities of 
lead to calcium (Su et al., 2002).  Some bone lead is considered inert and will have an 
excretory half-life of multiple decades.  Although lead is not easily released from the 
bones, it can and does occur slowly as a result of diffusion or bone resorption; this allows 
for the maintenance of blood lead levels long after exposure (Rabinowitz, Wetherill, & 
Kopple, 1976).  The release of lead from bone stores often occurs in times of stress, such 
as during pregnancy, during menopause, at the site of broken bones, or when other 
disease conditions exist (ATSDR, 2007a).   
Lead in Soft Tissue 
Much less of an individual’s lead body burden is found in soft tissues.  Of the lead 
deposited in soft tissue, most can be found in the liver (approximately 33% of all soft 
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tissue lead) (Schroeder & Tipton, 1968).  However, lead can also be found in skeletal 
muscle, connective tissue, fat tissue, the kidneys, the heart, and the brain (Barry, 1975).  
The excretory half-life of lead in soft tissue is approximately 40 days (CDC, 1992). 
Lead Transfer from Mother to Child 
Unfortunately, one way that a mother’s lead body burden can be reduced is through 
pregnancy.  As mentioned, during pregnancy, the mother’s body is under stress, so much 
of the maternal bone lead stores are released.  The released bone lead is then transferred 
to the fetus through umbilical cord blood.  One study found that as much as 80% of the 
lead concentration in cord blood can be attributed to the mother’s bone lead (Gulson, 
Mizon, Korsch, Palmer, & Donnelly, 2003).  Further, maternal lead can be transferred to 
children in breast milk.  The release of lead from the mother’s bones is somehow 
accelerated by lactation, and can be the source of up to 80% of a breast-fed child’s 
subsequent lead body burden (Gulson et al., 1998). 
Metabolism 
Inorganic lead is not metabolized by the body, as there is no biologic transformation 
(CDC, 1992).  Instead, as described in the distribution of lead in blood, lead typically 
forms complexes with protein ligands, such as albumin.  It may also form complexes with 
non-protein ligands, such as cysteine and other sulfhydryls (Al-Modhefer, Bradbury, & 
Simmons, 1991).  Conversely, organic lead is metabolized.  Organic lead metabolism 
occurs in the liver, in cell cytosol or cell nuclei, by oxidative dealkylation.  Organic lead 
metabolites may then remain in the liver, transfer to the brain or kidneys, or may be 
excreted (Zhang, Zhang, He, & Bolt, 1994). 
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Excretion 
Lead is primarily excreted in urine and feces.  Approximately one third of the total 
excretion of absorbed lead is accounted for in the feces, a figure which can rise if the lead 
was ingested (Chamberlain et al., 1978).  Alternatively, a small portion of inhaled lead 
can be excreted during normal exhalation (Heard, Wells, Newton, & Chamberlain, 1979).  
Following dermal contact, some lead may also be excreted in sweat (Moore et al., 1980).  
Other minor routes of excretion include: saliva, hair, nails, and breast milk (Chamberlain 
et al., 1978).  Interestingly, adults may excrete up to 99% of their absorbed dose of lead 
over time.  However, children may only excrete up to 32% of their absorbed dose, 
resulting in greater accumulation of lead in the body (ATSDR, 2007b). 
 
Traditional Sources of Exposure 
Humans have a found a wide variety of uses for lead and lead compounds.  These 
specific uses for lead have increased the opportunity for lead absorption via the identified 
exposure pathways.  Historically, lead in paint, soil, water, and air have been the most 
important sources of exposure, particularly to children (Williams et al., 2000). 
Paint 
Historically, leaded paint has long been indicated as the number one source of 
childhood lead exposure (Su et al., 2002).  The use of lead-based paint for residential 
homes began in the late nineteenth century and peaked in the 1920s.  Although its 
residential use was banned by the U.S. Consumer Product Safety Commission (CPSC) in 
1978, numerous instances of childhood lead poisoning still occur today, as a result of the 
ingestion of deteriorating leaded paint (Mielke, Powell, Shah, Gonzales, & Mielke, 
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2001).  Much of this deteriorating paint can have lead concentrations as high as 50% 
(ATSDR, 2007b).  Often the source of the paint is indoors at the child’s permanent or 
temporary residence, although outdoor sources of exposure, such as playground 
structures, have also been indicated in childhood lead poisoning cases (Health Canada, 
1994).  In addition to the direct ingestion of leaded paint chips, children are often further 
exposed when inappropriate renovations and remodels are conducted on homes and other 
structures with leaded paint.  Many childhood lead poisoning cases can be traced to the 
creation of lead dust during both amateur and professional renovation projects.  Further, 
this created lead dust settles on the other types of items which children may put in their 
mouth subsequently increasing their risk for lead poisoning (Mielke et al., 2001).  Current 
regulatory standards limiting lead in paint can be found in Table 1. 
Soil 
Soil has been traditionally identified as a source of lead exposure to children, as 
children often come into contact with soil through play and hand-to-mouth behaviors 
(Frazer, 2008).  Elevated lead content in soil from background levels historically has 
resulted from the deposition of lead-contaminated, deteriorating paint or from vehicular 
exhaust during the use of leaded gasoline (Haar & Aronow, 1974).  Even as leaded paint 
and leaded gasoline have been phased out of use in the United States over the past three 
decades, their impact on the soil remains (Frazer, 2008).  Urban areas, with older housing 
and heavily utilized roadways, continue to have lead-contaminated soils in excess of the 
standards set by the USEPA for bare soil areas (USEPA, 2004; Table 1).  One study 
found that for every 1000 ppm increase in soil lead above the standard, an increase of 
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approximately 3µg/dL in blood lead levels may be expected (Mielke, Gonzales, Powell, 
Jartun, & Mielke, 2007). 
Water 
In general, very small amounts of lead are found in natural waterways, and the same 
is true for most municipal water supplies (CDC, 2003a).  It is estimated that 99% of 
potable drinking water contains lead at concentrations less than 0.0005 ppb, far below the 
regulatory standard for safety (ATSDR, 2007b; Table 1).  As such, exposure to lead in 
water is typically the result of lead leaching from existing lead plumbing or solder, 
typically found in residences greater than 20 years old.  Current safe drinking water 
regulations now require that all pipes and solder be lead-free; considered as such when 
the lead content is <8% and <0.2% lead, respectively (USEPA, 1993).  Unfortunately, 
lead exposure can still be problematic in areas where the water is acidic or ―soft.‖  Water 
acidity enhances corrosion of plumbing and the subsequent leachability of lead, posing a 
continued risk of exposure (CDC, 2003a).  
Air 
After a 1976 court decision, the USEPA was forced to include lead on its list of 
criteria air pollutants, as defined under the Clean Air Act.  In response, the USEPA 
created regulations for airborne concentrations of lead (Table 1), which ultimately 
resulted in the elimination of lead as a gasoline additive (NRDC v. EPA, 1976).  This 
regulation is largely credited with the dramatic reduction of lead particles in the air and 
since its inception major reductions have been observed in remote, rural, and urban 
locations (USEPA, 2008).  Fortunately, lead emissions into the air have continued to 
decline even after the total phase-out of lead gasoline was complete.  However, it is 
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estimated that 1,600 tons of lead per year are still being emitted into the air, primarily 
from the industrial sector.  These point sources are the largest contributors to airborne 
lead concentrations today (USEPA, 2006).  Children living in close proximity to mining 
areas, power plants, incinerators, battery plants, and foundries may be at higher risk for 
exposure to airborne lead (USEPA, 1986).  
 
Table 1:  Regulatory Standards Pertaining to Traditional Lead Exposures 
Matrix Standard 
Regulatory 
Agency 
Paint 
Residential paint constituting a hazard 
United States 
Environmental 
Protection 
Agency 
 
600 ppm, new paint 
5000 ppm, existing paint 
Soil 
Residential bare soils constituting a hazard 
400 ppm, play areas 
1200 ppm, average for other areas 
Water 
Maximum Contaminant Level for drinking water 
15 ppb 
Air 
National Ambient Air Quality Standard 
0.15µg/m
3
, as a maximum quarterly average 
Gasoline 
Gasoline standard for leaded fuel 
0.1 grams Pb per leaded gallon 
 
 
Atypical Sources of Exposure 
As mentioned, over the past three decades a number of U.S. regulations have limited 
exposure to lead through traditional sources.  Unfortunately, the risk of childhood lead 
exposure and subsequent poisoning has not been eliminated.  In one systematic review of 
the literature from 1966-2006, eighty-two documented childhood lead poisoning cases 
could be attributed to atypical sources of exposure (Gorospe & Gerstenberger, 2008).  
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Further, it has been estimated that as many as 35% of elevated blood lead level cases may 
be attributable to atypical sources of lead exposure (Lynch, Elledge, & Peters, 2008).  
Therefore, exposure to atypical sources of lead must be considered a relevant risk factor 
for children. 
Eating, Chewing, or Sucking Non-Food Items 
It is well understood that younger children have an increased frequency of hand-to-
mouth behaviors, which may put them at greater risk for oral exposure to lead-
contaminated products (EPA, 2004).  Numerous calls are made to poison control centers 
each year regarding the ingestion of nonfood items by children, and undoubtedly, some 
of those items are contaminated with lead (McKinney, 2000). 
Jewelry and Metallic Accessories, Pendants, or Beads 
Jewelry and other metallic trinkets have been indicated in the acute lead poisoning 
deaths of a small number of children in the United States (CDC, 2006).  Many of the 
suspect trinkets are purchased from vending machines and some have been found to 
contain concentrations of lead as high as 44% (CDC, 2004b).  The United States 
Consumer Product Safety Commission (CPSC) has recalled millions of lead 
contaminated trinkets in their efforts to reduce acute lead poisoning due to the ingestion 
of consumer goods (CDC, 2006).  Unfortunately, the CPSC does not regulate lead levels 
in jewelry unless an exposure pathway is identified and is expected to result in a blood 
lead level of greater than 10µg/dL (Schmidt, 2008).    
Toys 
In addition to vending machine trinkets, some popular toys purchased from 
nationwide retailers also pose the threat of lead contamination.  The U.S. toy industry is a 
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multibillion dollar industry which sells billions of toys every year, up to 87% of which 
are produced overseas in countries such as China, India, or Malaysia (Schmidt, 2008).  
Contaminant testing of imported toys is largely a voluntary procedure, expected to be 
conducted by the industry, and it is completed only sporadically.  As such, the CSPC 
attempts to monitor imports as effectively as possible given funding and personnel 
restrictions, and the CPSC recalls toys which exceed the lead standard of 600 ppm set for 
new paint.  Millions of toys have been recalled by CPSC to date and some which were 
found to have lead paint concentrations exceeding 5000 ppm (Schmidt, 2008).  
Unfortunately, many lead-contaminated toys go unidentified and remain in stores. 
Bullets, Pellets, and Fishing Sinkers 
Although not always immediately suspected, parental hobbies such as hunting and 
fishing may be associated with childhood lead poisoning (Mowad, Haddad, & Gemmel, 
1998).  The lead found in both ammunition and fishing sinkers presents unique exposure 
opportunities, during either their homemade production or subsequent ingestion (USEPA, 
2007).  It is estimated that the most common bullets and shotgun pellets currently 
available in the United States are between 50-100% lead (McQuirter et al., 2004).  Acute 
ingestion of a large amount of such ammunition may result in a rapid increase of blood 
lead levels, and may result in renal failure, neuropathy, and encephalopathy, similar to 
the toxic effects of chronic lead exposures.  The risk of acute toxicity increases when 
numerous items are ingested, items with large surface areas are ingested, or the items are 
not quickly eliminated from the child’s gastrointestinal tract.  Unfortunately, this is often 
the case with ammunition and fishing sinkers (McKinney, 2000).    
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Chalk 
The ingestion of chalk or chalk dust may also be associated with elevated blood lead 
levels in children.  The lead content of some chalks may be attributed to the source of the 
chalk or its manufacturing process, although the use of coloring agents is the most likely 
source; many chalk coloring agents are lead compounds (Miller et al., 1996).  
Accordingly, the CPSC has issued recalls of thousands of pieces of sidewalk chalk found 
to contain dangerous levels of lead (CPSC, 2003).  Additionally, the ingestion of billiard 
(pool) cue chalk has been indicated in cases of childhood lead poisoning in both Europe 
and the United States (Dargan, Evans, House, & Jones, 2000).  Millions of people play 
billiards each year and most do so in their homes (Miller et al., 1996).  In addition to the 
direct ingestion of cue chalk, fine chalk dust may settle on the billiard table, the floor, the 
player’s clothes, and surrounding surfaces in the home, further posing a lead risk to small 
children (Dargan et al., 2000).  The cue chalks suspected in the poisoning cases were 
found to contain over 7000 ppm lead (Miller et al., 1996). 
Imported Candies 
Unfortunately, some sources of exposure to lead are items which are intended to be 
eaten by children.  United States health officials, and particularly those in California, 
have put forth a great effort to begin educating the public about ―toxic treats‖ (O.C. 
Register, 2004).  Toxic treats are identified as candies which exceed the United States 
Food and Drug Administration (FDA) recommendations for a maximum lead level of 0.1 
ppm in candy likely to be consumed frequently by small children (FDA, 2006).   
The identified candies are most often imported from Mexico, and typically contain 
the popular ingredients of tamarind and chili, which are mostly absent from domestic 
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U.S. candies (FDA, 2006).  Tamarind is the pulp of the fruit from the Tamarindus indica 
tree and is found in a variety of imported products (Lynch, Boatright, & Moss, 2000).  
Tamarind has a sticky consistency which makes for easy attachment of lead from 
pesticides or soil.  Chili, which is a major ingredient in many imported candies, can also 
be contaminated with lead (Medlin, 2004).  Unwashed chilies may be milled with leaded 
soil, they may be air-dried and exposed to leaded vehicular exhaust or fire-dried and 
exposed to petrochemical fires, or they may be milled in machines with lead solder or 
other components (Medlin, 2004).  All of these sources contribute to the risk of lead 
poisoning associated with chili in imported candies. 
In 2004, The Orange County Register tested and identified 112 distinct brands of 
imported candy; among these were Chaca Chaca, Tama Roca, Vagabundo, Lucas, and 
Vero, which were contaminated with unsafe levels of lead.  Many of the identified brands 
had been previously implicated in childhood lead poisoning cases (CDC, 2002).  In 
addition to the candies themselves, some candy wrappers and special packaging, like 
small clay pots or straws, may also contain unsafe levels of lead, some reported as high as 
21,000 ppm.  Continued ingestion of imported candies can easily expose a child to lead 
levels which exceed the FDA’s 6µg/dL provisional tolerable daily intake level (PTIL) for 
children under 6 years old (FDA, 2006).   
Home Goods 
Children may also be put at risk for lead exposure through their family’s use of 
certain lead-contaminated home goods.  Alternative sources found in the home 
environment must be considered when children present with lead poisoning and 
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traditional sources, such as paint, dust, soil, and water have been excluded (Shannon, 
1998). 
Glazed Pottery and Ceramics 
The use of glazed pottery and ceramics in the home has long been associated with 
elevated blood lead levels in children.  The primary glaze on these products is typically 
lead oxide and, unfortunately, the glaze is often not heated to temperatures sufficient 
enough to heat-fix the lead (Lynch et al., 2008).  As such, lead can easily leach from the 
pottery and ceramics into food during normal preparation and food storage, which 
subsequently poses a risk to the child, or any family member, who consumes the lead-
contaminated food (Lynch et al., 2008).  Although especially popular in the Hispanic 
population in the form of bean pots, commercially manufactured dinnerware from other 
countries has also been indicated in childhood lead poisoning cases (CDC, 2004a).  Some 
studies have found that increased frequency of use of lead-glazed pottery and ceramics is 
directly associated with elevated blood lead levels in children (Azcona-Cruz, Rothenberg, 
Zamora-Munoz, & Romero-Placeres, 2000).  The risk of exposure to lead also seems to 
increase with the age of such products.  Repeated abrasive cleaning and use can further 
deteriorate the glaze and free more lead for consumption (Wallace, Kalman, & Bird, 
1985).  Additionally, many glazed pots and ceramics are manufactured in the home, 
making environmental contamination by lead dust created during the glazing process a 
further risk for childhood exposure (Katagiri, Toriumi, & Kawai, 1983). 
Leaded Crystal 
The addition of lead to glass began in the United States in the late nineteenth century.  
The use of between 24-32% lead oxides, as additives, increases the density, durability, 
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and brilliance of so-called leaded crystal (Graziano & Blum, 1991).  The risk of acute 
lead poisoning exists with use of these products, as some studies suggest that lead can 
begin to leach from crystal within minutes (Graziano & Blum, 1991).  Potable liquids 
stored in leaded crystal for long periods may also contain lead in extremely high 
concentrations.  Additionally, lead is released from crystal in direct proportion to the 
acidity of the liquid it contains (Barbee & Constantine, 1994).  Consequently, although 
leaded crystal is often used for the storage and enjoyment of alcoholic spirits, the risk of 
exposure remains for any child who drinks from a leaded crystal bottle or cup.  
Pewter 
Pewter is an alloy of primarily tin, with copper, bismuth, antimony, or lead added to 
harden and provide durability to the finished product.  The lead content of pewter 
hollowware (domestic products such as bowls and cups) had historically been 
approximately 4%.  However, given the potential risk of lead poisoning, modern-day 
pewter may contain no more than 0.5% lead (Hull, 2005).  However, the use of antique 
pewter goods of unknown lead concentrations, therefore, still presents an additional 
opportunity for exposure to children. 
Painted or Soldered Cooking and Dinnerware 
Painted or soldered cooking and dinnerware may also contain unsafe levels of lead.  
The presence of solder, a metal alloy containing lead, has been found to increase lead 
levels in food by as much as 10% (ATSDR, 2007b).  Due to the risk of lead poisoning 
associated with such products, the use of lead in paints and solder has decreased 
dramatically over the past three decades (Wigle, 2003).  Hereto, antique pieces 
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manufactured before applicable regulations, may still be in use and pose a threat to 
children, in some cases resulting in lead poisoning (Shannon, 1998). 
Metallic or Vinyl-Lined Lunchboxes 
Lead has also been identified as a contaminant in some metallic and vinyl-lined 
lunchboxes used by children.  Many of the identified lunchboxes are designed for use 
specifically by children, emblazoned with popular television characters, but others are 
manufactured by companies which typically specialize in adult outdoor apparel (Daluga 
& Miller, 2007).  In contaminated products, the lining of the lunchbox was the primary 
source of lead.  This is cause for concern, as contact with food is most likely with the 
interior of the lunchbox (CEH, 2008).  Some lunchboxes have been found to contain lead 
as high as 25 times the regulatory limit for lead in paint (Daluga & Miller, 2007).  
Despite these alarming levels, the lead content is not suspected to be capable of acute 
lead poisoning with normal use.  However, children with multiple exposure sources may 
increase their lead burden with continued use of contaminated lunchboxes (CEH, 2008).   
Ethnic Remedies or Cosmetics 
Many traditional ethnic remedies and cosmetics have been found to contain lead at 
unsafe levels.  The presence of lead may be intentional, if thought to be useful in 
treatment of illness, or may be unknowingly introduced into the product during 
preparation.  Unfortunately, it is impossible to identify the presence of lead visually or 
through the taste of such products.  Additionally, even a small amount of lead 
contamination may be harmful to children.  Therefore, the risk of childhood lead 
poisoning increases through the use of ethnic remedies and cosmetics (CDC, 2009b).  
Adding to the problem, there is often a reluctance to report the use of ethnic remedies and 
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cosmetics by family members of children with elevated blood lead levels, either out of 
fear of punishment or because they do not recognize the product as an ―ethnic remedy‖ 
(CDC, 1993). 
Azarcon 
Azarcon is a traditional Hispanic remedy for the treatment of stomach ailments, 
collectively known as empacho (CDC, 2009b).  Azarcon is an orange powder which may 
contain up to 95% lead tetroxide (Pb304) and is administered orally to the ailing child.  
The use of azarcon has been connected to numerous childhood lead poisoning cases.  
Often the problem is confounded, as symptoms of lead poisoning may mimic empacho, 
therefore the poisoned child may be given additional azarcon treatments (Bose, 
Vashistha, & O’Loughlin, 1983).      
Litargirio 
Litargirio is a yellow or peach lead oxide (PbO) powder.  It is most commonly used 
as an antiperspirant/deodorant in the Hispanic community, but may also be used as a 
remedy for skin burns or fungal infections.  Litargirio is typically manufactured in the 
Dominican Republic and can be purchased in local markets.  Litargirio has been 
implicated in childhood lead poisoning cases and, in such cases, the remedy was found to 
contain as much as 79% lead.  In response to such cases, the FDA has issued alerts about 
the dangers of litargirio use (CDC, 2005). 
Ghasard 
Ghasard is a popular remedy in India given to children to ease digestion (Karri, Saper, 
& Kales, 2008).  It is a brown powder, which is used to create tonic (CDC, 2009b).  It has 
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been indicated in the lead poisoning death of a young child in Florida.  The remedy was 
1.6% lead by weight and had been given daily to the child for some time (CDC, 1984). 
Sindoor 
Sindoor is an orange-red powder, with a high lead oxide (PbO) content, traditionally 
used as a cosmetic by Hindu women as an expression of their marital status.  The powder 
can be used to form a traditional bindi dot on the woman’s forehead or spread along the 
part of her hair.  Although not intended to be ingested, cases of sindoor use as a food 
coloring agent have resulted in lead poisonings of both children and adults (Vassilev et 
al., 2005).  In response, the FDA has issued numerous warnings urging consumers to 
cease and avoid use of sindoor, as both a food additive and as a cosmetic, due to the 
dangerous level of lead found in the product (FDA, 2007). 
Greta 
Greta is also a traditional Hispanic remedy used for the treatment of empacho.  Greta 
is an orange powder composed of approximately 89% lead oxide (PbO).  The goal of 
greta use is to relieve the body of blockages in the intestines; therefore, diarrhea is seen 
as a sign of successful treatment.  Unfortunately, as mentioned above, the diarrhea may 
actually be a symptom of acute lead poisoning (Trotter, 1985).  Greta is often used as a 
glaze in traditional Hispanic pottery, and so is widely available from pottery suppliers 
(Baer, Garcia de Alba, Cueto, Ackerman, & Davidson, 1989).  There seems to be 
considerable variation in the regional use of greta versus azarcon, but both are identified 
as cures for severe empacho (Trotter, 1985).  Some studies suggest that their use is 
greater in poorer communities (Baer, Garcia de Alba, Mares Leal, Plascencia, & Goslin, 
1998).  However, there seems to be no discrepancy in the notion that use of these 
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empacho remedies poses significant lead poisoning risks to children treated with them 
(Trotter, 1985). 
Surma, Kohl, and Kajal 
The use of eye cosmetics has been identified as a traditional practice dating back to 
the time of the Ancient Egyptians.  Often lead, in the form of lead sulfide (PbS), provided 
the distinct dark gray color desired for eye cosmetics (Witkowski & Parish, 2001).  
Known as surma, kohl, or kajal, depending on the region, these eye cosmetics continue to 
be traditionally used in the Middle East, India, and some parts of Africa, by children and 
adults of both genders.  These products may contain up to 25% lead (Jones, Moore, 
Craig, Reasons, & Schaffner, 1999).  These products are considered primarily decorative, 
however, in some studies participants have indicated that they believe these cosmetics 
also provide medical benefits to the eyes (Mojdehi & Gurtner, 1996).  Some also use 
these products as a teething powder to promote strong teeth and gums (Karri et al., 2008).  
While these benefits cannot be established, the connection of the use of surma, kohl, or 
kajal to childhood lead poisoning cases has been confirmed (Mojdehi & Gurtner, 1996). 
Moonshine 
Moonshine is one designation for liquor which is illicitly distilled in the United 
States.  Moonshine has historically had issues with lead contamination and associated 
adult lead poisonings.  During its production, lead often leaches from the solder and 
automobile radiators, used to create ground stills, into the moonshine itself (Holstege, 
Ferguson, Wolf, Baer, & Poklis, 2004).  Although not traditionally ingested by children, 
homes where moonshine is produced may provide opportunities for contact with lead-
contaminated products and increase the risk of lead exposure to children. 
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Other Ethnic Remedies  
The CDC has identified numerous other ethnic remedies and cosmetics which pose a 
lead exposure risk.  Paylooah is a popular Southeast Asian remedy for the treatment of 
fever and rash.  Similar to the Hispanic remedies azarcon and greta, kandu is an Asian 
remedy, in the form of a red powder, used to treat stomach ailments.  Also in Asian 
communities, bali-goli is used to treat stomach aches.  Bali-goli is a black bean that gets 
dissolved in ―grip water‖ (IDPH, 2008).   Finally, the use of ceruse, also known as lead 
acetate [Pb(C2H302)2], was historically used by Ancient Greeks and Romans as a face 
whitener may still pose a risk if used today in traditional cosmetics (Witkowski & Parish, 
2001). 
Household Member Occupation 
In addition to risks posed by familial hobbies, childhood exposure to lead may also be 
an unknown consequence of their household members' occupations.  Occupational 
sources of lead poisoning in adults are well documented, and the secondary exposure to 
their children is becoming better understood (Dolcourt, Hamrick, O’Tuama, Wooten, & 
Barker, 1978).  Often workers in lead industries are not trained adequately about lead 
safety and are unaware of the risk they pose to their children when they bring lead home; 
wearing the same clothes while working with lead and then returning home inevitably 
transfers harmful lead dust (Gerson, Van Den Eeden, & Gahagan, 1996).  Some studies 
have found that clothes closets inevitably are contaminated with the greatest quantities of 
lead (Dolcourt et al., 1978).  Another found that dust shaken from a mine worker’s 
clothes exceeded 3000 ppm lead (Chiaradia, Gulson, & MacDonald, 1997).  These 
sources of lead exposure (contaminated clothes, shoes, and skin) are collectively 
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becoming known as ―take-home exposure.‖  Unfortunately, not all household members 
are aware that lead exposure is a known hazard of their occupation, and certain 
protections are only afforded to workers exposed to airborne lead at concentrations of 
50µg/m
3
 or greater (Hipkins, Materna, Payne, & Kirsch, 2004).  Even when the risks are 
known and precautions are taken (showering at work, changing from work clothes to 
street clothes, and taking clothes to commercial laundries), lead dust can be found in the 
home environment attributed to occupational exposure (Chiaradia et al., 1997). 
This is an alarming fact, given that lead can be identified as a component of more 
than 100 industries (Hipkins et al., 2004).  Elevated blood lead levels in children have 
been associated with household member occupation related to radiator repair, work with 
lead batteries, gun ranges, copper foundry, and construction (Gerson et al., 1996).  Sadly, 
as with many lead exposures, children poisoned through these ―take-home exposures‖ 
often are asymptomatic (Hipkins et al., 2004).   
 
Human Health Effects 
Lead is a xenobiotic metal, and therefore, is not expected to be present normally in 
the human body (Karri et al., 2008).  Unfortunately, the anthropogenic uses of lead have 
resulted in lead being ubiquitous in the environment and have resulted in lead body 
burdens being detectable for all humans, to some degree (CDC, 1992).  For example, the 
current U.S. background blood lead levels are below 5µg/dL (Karri et al., 2008).  The 
degree to which adverse health effects are experienced is typically representative of blood 
lead level, although at many blood lead levels, an exposed individual will not look or act 
sick (USEPA, 2004).  As of 1991, the CDC has identified 10µg/dL as a blood lead level 
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associated with lead toxicity in children (Williams et al., 2000).  At this level of concern, 
CDC recommends lead educational materials be provided, as well as, diagnostic and 
follow-up testing within three months (ATSDR, 2007a).  Table 2 is a listing of the CDC 
recommended actions based on detected blood lead levels. 
 
Table 2: Blood Lead Levels and Corresponding Recommended Actions (Wigle, 2003) 
Blood Lead 
Level 
Recommended Action 
<10µg/dL Rescreen in 1 year; reassess if exposure sources change. 
10-14µg/dL 
Provide follow-up testing, lead education, and refer to 
social services if necessary. 
15-19µg/dL 
Same actions as the 10-14µg/dL range; proceed to 
actions of 20-44µg/dL range if levels persist in current 
range (or increase) at two follow up screens, separated 
by a minimum of 3 months. 
20-44µg/dL 
Provide case and clinical management; provide 
environmental investigation and begin lead-hazard 
controls. 
45-69µg/dL Within 48 hours, begin all actions above. 
70µg/dL and 
above 
Immediately hospitalize and begin medical treatment; 
immediately begin all actions above. 
 
 
Unfortunately, adverse cognitive effects have been found in children with blood lead 
levels below 5µg/dL, which is well below the current action level (Schmidt, 2008).  
Exposure to even relatively low levels of lead can cause a myriad of devastating health 
  
30 
 
consequences.  Large acute exposures to lead, and lower dose chronic exposures, can 
both adversely and irreparably affect numerous body systems (USEPA, 2004).   
Nervous System 
The nervous system is the human body system most affected by exposure to lead.  
Lead can damage or kill brain cells and impair the function of nerves (USEPA, 2004).  
Lead adversely affects nerve synapse formation and results in the failure of nerves to 
properly convey chemical messages (Wigle, 2003).  Impaired nervous system function 
can result in body shakes, wrist or ankle weakness and drop, clumsiness, hallucinations, 
and irritability.  At high lead exposures brain swelling (encephalopathy), coma, and death 
may occur (USEPA, 2004). 
Circulatory System 
Absorption of lead into the body results in the incorporation of lead into red blood 
cells.  The presence of lead inhibits heme synthesis, altering hemoglobin production, 
which eliminates the ability of red blood cells to carry oxygen (USEPA, 2004).  Further, 
lead can reduce the body’s ability to produce more red blood cells, deplete hormones 
responsible for red blood cell maturation, and shorten the lifespan of existing red blood 
cells (USEPA, 2004).  This depletion often results in anemia, increased blood pressure, 
and stresses the heart (Su et al., 2002). 
Renal Function 
The filtering of lead-contaminated blood occurs in the kidneys.  Here, approximately 
65% of the lead circulating in the blood at a given time is filtered and deposited (USEPA, 
2004).  As a result, lead can decrease the glomerular filtration rate of the kidneys, which 
can consequently result in increased systemic blood pressure (Su et al., 2002).  At low 
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levels of exposure, lead can also impair the transport of proteins and glucose, resulting in 
the improper excretion of enzymes, proteins, and sugars in the urine (ATSDR, 2007b).  
At high levels of exposure, large amounts of lead can result in gout, which ultimately 
causes renal failure and death in 10% of the afflicted cases (CDC, 1992). 
Reproductive System 
Exposure to lead can be especially harmful to the reproductive health of women.  
Lead can decrease fertility, cause miscarriages, and cause premature deliveries (USEPA, 
2004).  To a lesser extent, lead may adversely affect the male reproductive system as 
well.  Chronic lead exposures have been associated with lower sperm counts in men (Su 
et al., 2002).  Further, lead can also easily pass through the placenta from mother to child 
(CDC, 1992).  As such, babies born to lead poisoned mothers show reflective lead body 
burdens, and often suffer from birth defects, low birth weights, as well as, learning and 
behavioral problems later in life (USEPA, 2004). 
Other Adverse Health Effects 
Although the body systems mentioned are the most sensitive targets for lead 
poisoning, lead can potentially affect any and all systems in the body.  The CDC and 
USEPA have also designated lead as a probable human carcinogen (Group B2), based on 
sufficient evidence from animal studies and limited evidence from human studies 
(Williams et al., 2000). 
 
Susceptibility of Children 
Lead is considered the most significant environmental hazard for children in the 
United States (USEPA, 2004).  ―Children are particularly at risk [for lead poisoning] due 
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to sources of exposure, mode of entry, rate of absorption and retention, and partitioning 
of lead in soft and hard tissues.  The greater sensitivity of children to lead toxicity, their 
inability to recognize symptoms, and their dependence on parents and health care 
professionals makes them an especially vulnerable population‖ (USEPA, 1986, p. 12-2).  
It is important to note that no child is free from the risks associated with lead exposure 
(ATSDR, 2007a).  Table 3 suggests possible health effects experienced by children with 
indicated blood lead levels. 
 
Table 3: Child Reactions to Lead (USEPA, 2004) 
Blood Lead Level Possible Health Effects 
10µg/dL Slight loss in IQ; hearing and growth problems 
20µg/dL 
Moderate loss in IQ; hyperactivity; poor attention span; 
difficulty learning; language and speech problems; slower 
reflexes 
40µg/dL 
Poor bone and muscle development; clumsiness; lack of 
coordination; early anemia; fewer red blood cells to carry 
oxygen and iron; tiredness; drowsiness 
50µg/dL 
Stomach aches and cramps; anemia; destruction of red blood 
cells; brain damage 
100µg/dL and above Swelling of the brain; seizures; coma; death 
 
 
Children have an increased risk of lead exposure due to their unique physiology and 
behaviors.  With a rapidly developing brain and central nervous system, children can be 
poisoned by even a small dose of lead (USEPA, 2004).  The blood-brain barrier is 
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incomplete in young children and this condition exacerbates the toxic effects of lead on 
the nervous system (CDC, 1992).  Additionally, children are often exposed to lead at 
higher concentrations due to their proximity to contaminated floors and an increased 
frequency of hand-to-mouth behaviors (USEPA, 2004).  Children also have greater rates 
of respiration than do adults, which increase their risk of airborne exposures (ATSDR, 
2007a).   
In the long term, lead poisoned children have poor growth, development, and 
coordination; speech, hearing, and language problems; and may have other attention and 
learning disorders (USEPA, 2004).  Decreases in IQ, of between 1 to 5 points, have been 
associated with childhood blood lead levels of 10µg/dL or less, and the cognitive deficits 
seem to compound with age (ATSDR, 2007b).  Some studies suggest that one quarter to 
one half of an IQ point may be lost with each 1µg/dL increase in blood lead (Su et al., 
2002).  Lead poisoned children also have higher rates of absenteeism, lower class 
standings, and overall lower high school graduation rates (CDC, 1992).  Unfortunately, 
evidence suggests that there is no threshold for the toxic effects of lead in children 
(ATSDR, 2007b).   
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CHAPTER 3 
METHODOLOGY 
Collection of Data 
Prior to the start of data collection, the University of Nevada, Las Vegas (UNLV), the 
University of Nevada, Reno (UNR), and the University Medical Center of Southern 
Nevada (UMC) Institutional Review Boards (IRBs) each granted approval for the use of 
human subjects in the collaborative study (APPENDIX 1).  Upon approval recruitment 
for the study began in October 2008. 
Potential participants were approached at two pediatric outpatient healthcare clinics in 
Las Vegas, Nevada and were asked to participate in the Clark County Children’s Lead 
Screening Study, a grant project sponsored by the Trust Fund for Public Health.  Potential 
participants were children, between the ages of one year to six years old who were 
patients, or siblings of patients at either Lied Pediatric Center (1524 Pinto Lane, Las 
Vegas, NV 89106) or Kid’s HealthCare (3006 S. Maryland Parkway, Suite 315, Las 
Vegas, NV 89109), both affiliates of the University of Nevada, School of Medicine 
(UNSOM).  Children outside of the specified age range, children who were wards of the 
state, and children who had been previously tested for lead exposure were excluded from 
the study. 
Investigators approached potential participants in their private patient rooms, 
immediately following the patient’s triage or prior to the patient’s discharge.  Every effort 
was made not to impede the patient’s medical care.  When the parent or legal guardian of 
the potential participant was approached, investigators explained the study, answered 
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questions, and provided educational materials (APPENDIX 4) developed by the Southern 
Nevada Health District (SHND).   
The educational materials included information regarding common items where lead 
may be found, the dangers of lead exposure to children (specifically the adverse health 
effects), and the need for childhood screening to prevent lead poisoning.  The materials 
also offered free residential lead inspections to families living in homes built prior to 
1978.  The educational materials were available in both English and Spanish, and were 
provided to all potential participants regardless of their subsequent decision whether or 
not to participate in the study.  Ample time was provided for potential participants to 
review all study information and educational materials, before investigators inquired 
about a decision regarding participation. 
Once a parent or legal guardian agreed to their child’s participation in the study, 
appropriate (English or Spanish) Parental Permission and Authorization to Use Health 
Information forms were completed (APPENDIX 2).  Numerous parental or legal guardian 
initials and signatures were obtained to signify consent.  Parental Permission and 
Authorization to Use Health Information forms were approved by the Institutional 
Review Boards of all participating institutions.  The original signed copies of all forms 
were retained for the research file, while a photocopy of all signed forms was provided to 
the study participant. 
Once permission was granted, the parent or legal guardian then completed a brief 
questionnaire (APPENDIX 3) detailing the child’s potential exposure to lead, as well as, 
additional personal information.  Potential exposure to lead was measured through five 
questions pertaining to the child’s eating, chewing, or sucking habits of non-food items, 
  
36 
 
the child’s ingestion of imported candies, the family’s use of certain types of home goods 
(i.e. glazed pottery, painted cookware), the family’s use of ethnic remedies or cosmetics, 
and the family’s exposure to lead in their occupation.  Should elevated blood lead level 
(EBLL) children be identified, the questionnaire would also serve as a useful tool during 
the subsequent environmental investigation, particularly for guidance in the area of 
atypical sources of exposure.  Completion of the questionnaire typically required less 
than ten minutes of the parent or legal guardian’s time.   
After completion of the questionnaire, participants were asked to give a blood sample 
to be used for blood lead level analysis.  Blood samples were collected via venipuncture 
at the clinics or at a nearby Quest Diagnostics Laboratory.  The samples were usually 
drawn from the participant’s arm, with a minimum of 3cc of blood collected.  The 
amount of blood collected from participants met IRB requirements and represented an 
appropriate standard for blood tests of this nature. 
At Kid’s HealthCare, a certified Quest Diagnostics Laboratory Technician completed 
the blood draws for participants on-site, after receipt of the pre-paid blood lead test 
request form.  At Lied Clinic, a resident or attending physician would complete blood 
draws, when able.  Blood samples were then properly labeled with patient information, a 
pre-paid blood lead test request form was included with each sample, and the sample was 
put in a refrigerator for Quest Diagnostics Laboratory pick-up.  When blood draws could 
not be completed on-site for any reason, participants were provided with the pre-paid 
blood lead test request form, as well as, instructions and directions necessary for the later 
completion of a blood draw at a nearby Quest Diagnostics Laboratory. 
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All venous blood samples collected on-site or at Quest Diagnostics, were analyzed for 
lead content by Quest Diagnostic Laboratories (33608 Ortega Highway, San Juan 
Capistrano, CA 92675).  All blood lead level laboratory results were sent to the patient’s 
respective clinic for review by the investigators and the patient’s physician, and for 
inclusion in the patient’s medical record file.  The venous blood lead levels for each 
participant were reported in µg/dL, with a method detection limit of 3µg/dL.   
In April 2009, an additional blood collection method was approved by all involved 
IRBs.  In addition to a venous blood draw on-site or at a Quest Diagnostics Laboratory, 
study participants were offered the option to provide a blood sample via a capillary finger 
stick at the Southern Nevada Health District (SNHD, 625 Shadow Lane, Las Vegas, 
Nevada 89106).  Investigators arranged weekly appointments on Wednesdays for 
participants to receive capillary blood tests from certified personnel at SNHD.  SNHD 
utilized the CDC-approved LeadCare
®
 II system for the determination of lead in blood, 
collected via capillary finger stick (Magellan, 2009).  Results from the capillary tests 
were reported in µg/dL, with a detection limit of 3.3µg/dL.  Results were available to the 
participants within minutes and were retrieved by investigators weekly.  All capillary 
finger stick results were also reviewed by the patient’s physician and were included in the 
patient’s medical record file. 
The blood lead level results from both methods were then compared to the current 
Centers for Disease Control and Prevention guidelines for classification.  Participants 
with blood lead levels at or above 10µg/dL would be considered to be at the level of 
concern.  Diagnostic, venous blood testing was required for any capillary results 
≥10µg/dL (SNHD, 2007).  In all elevated cases, the Clark County Lead Poisoning 
  
38 
 
Prevention Program would be notified and a case file would be opened for said 
participant.  All detectable (above detection limit) blood lead level results were 
automatically reported to Southern Nevada Health District per Clark County mandate. 
 
Treatment of Data 
All data collected as part of the Clark County Children’s Lead Screening Study were 
maintained in secure research files.  Research files contained applicable Parental 
Permission and Authorization to Use Health Information forms, questionnaires, and 
copies of blood lead level results (when available).  Investigators completed UNLV’s 
Office for the Protection of Research Subjects Collaborative Institutional Training 
Initiative (CITI) program and University Medical Center’s Health Insurance Portability 
Accountability Act (HIPAA) training to ensure proper handling of research files to 
maintain participant privacy and confidentiality. 
Information from the research files was accessible only to investigators and was 
entered directly into SPSS Statistics software through the use of a password-protected 
notebook computer.  In addition to personal data, responses to each of the five questions 
on the questionnaire were entered individually to allow for statistical analysis of each 
hypothesis, as indicated in CHAPTER 1.  Analysis of data obtained from the 
questionnaire is listed in CHAPTER 4 FINDINGS OF THE STUDY. 
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CHAPTER 4 
FINDINGS OF THE STUDY 
Analysis of Data 
Demographic Data 
Recruitment for the study began on October 20, 2008 and was terminated on June 19, 
2009.  In total, 1,048 families were approached for participation in the study and were 
provided educational materials from Southern Nevada Health District (SNHD) regarding 
common items where lead may be found, the dangers of lead exposure to children, and 
the need for childhood screening to prevent lead poisoning (APPENDIX 4).  
Additionally, the 1,048 families were offered free residential lead inspections for those 
living in homes built prior to 1978.  One family who participated in the study accepted 
the offer and did receive a free residential inspection of their home. 
Of the 1,048 families approached, 811 participants were initially enrolled in the study 
(initial participation rate of 77.4%).  The 811 participants completed the required Parental 
Permission and Authorization to Use Health Information forms for each involved 
institution and a parent or legal guardian also completed the questionnaire.  No 
demographic or other information was obtained from the 237 families which declined 
participation in the study. 
The final population of participants in the study was reduced to 564.  Of the original 
811 participants, 247 were ultimately excluded as they failed to provide a useable blood 
sample for analysis.  The final population is representative of a participation rate of 
53.8%.  Of the 564 participants, 435 (77.1%) were recruited from Lied Clinic and 129 
(22.9%) were recruited from Kid’s HealthCare. 
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The gender distribution of the 564 participants was 55.5% male (n = 313), with 
females representing 44.5% (n = 251) of the total population.  The majority of the 
participants were aged 1 year (37.2% of the total population, n = 210), with a mean age of 
2.57 ± 1.618 years.  The age distribution of the participants can be seen in Figure 1.  The 
percentages in Figure 1 are indicative of each ages’ relative representation within each 
sex. 
 
 
Figure 1: Age/Sex Distribution of Study Participants 
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The large majority of participants were of Hispanic race (75.9%, n = 428), the 
majority of whom further identified their ethnic background as Mexican, Mexican-
American, Chicano, or Chicana (n = 286, 50.7% of the total population, 66.8% of the 
Hispanic population).  Of the Hispanic participants, 27 (4.8% of the total population) 
identified their ethnic background as Central American, 5 (0.9% of the total population) 
identified some other Hispanic ethnicity, and 110 (19.5% of the total population) did not 
indicate a specific ethnic background.  Only three non-Hispanic participants declined to 
provide additional information regarding their specific ethnicity.  The ethnic distribution 
of the remaining 133 non-Hispanic study participants can be seen in Figure 2. 
 
 
Figure 2: Distribution of Non-Hispanic Ethnicity by Recruiting Clinic 
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Nearly half of the participants (42.6%) were recruited from five local area codes.  
Area codes 89101, 89102, 89106, 89108, and 89110 had the highest representation of 
participating residents with 52 (9.2%), 47 (8.3%), 51 (9.0%), 49 (8.7%), and 42 (7.4%), 
respectively.  Figure 3 depicts 37 zip codes, identified with stars, where recruited 
participants reside.  Additional zip codes, which cannot be seen in Figure 3, also 
contributed study participants: two in Las Vegas (89112 and 89169), two in Henderson 
(89002 and 89044), and two in North Las Vegas (89036 and 89081), one in Moapa 
(89025), and one in Pahrump (89048).  In total, study participants resided in 45 
representative Southern Nevada zip codes. 
 
 
Figure 3: Resident Southern Nevada Zip Codes of Study Participants  
(Map Source: http://www.lasvegas4us.com/greater_las_vegas_zip_code_map.htm) 
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The majority of participants were insured by Medicaid (n = 420, 74.5%), while 
another 79 participants (14.0%) had private medical insurance.  Of the 564 participating 
children, 65 (11.5%) were uninsured.  The majority of uninsured participants were 
recruited from Lied Clinic (n = 52, 80.0% of the uninsured population), while the 
majority of those with private insurance were recruited from Kid’s HealthCare (n = 46, 
58.2% of the privately insured population).  
Questionnaire Data 
Questionnaires were completed for all 564 children participating in the study.  The 
questionnaire (APPENDIX 3) was comprised of five questions: 
1. Does the child have a habit of eating, chewing, or sucking non-food items? 
2. Does the child eat any imported candies? 
3. Does the family use any of the following products? 
4. Does the family use any home or ethnic remedies, condiments, spices or 
additives? 
5. Does anyone in the child’s household work with lead? 
Question 1 (Does the child have a habit of eating, chewing or sucking non-food 
items?), hereby abbreviated Non-Food Items, listed nine optional applicable responses, of 
which, any and all affirmative responses could be checked.  Additionally, an ―Other‖ 
category could also be indicated, with a space for write-in responses.  By far, the greatest 
number of participants answered affirmatively to this question.  The frequency of 
responses to Non-Food Items can be seen in Table 4.  
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Table 4: Responses to Non-Food Items 
 
Question 1: Does the child have a habit of eating, chewing, or sucking non-food items? 
  Response Frequency Percent   Response Frequency Percent 
Paint 
Chips 
No 536 95.0 
 Soil 
No 503 89.2 
Yes 28 5.0 Yes 61 10.8 
 
Jewelries 
No 490 86.9 Metallic 
Accessories 
No 493 87.4 
Yes 74 13.1 Yes 71 12.6 
Pellets 
No 509 90.2 
Chalk 
No 551 97.7 
Yes 55 9.8 Yes 13 2.3 
Toys 
No 239 42.4 Fishing 
Sinkers 
No 558 98.9 
Yes 325 57.6 Yes 6 1.1 
Bullets 
No 560 99.3 
Other 
No 513 91.0 
Yes 4 0.7 Yes 51 9.0 
n = 564 
 
Of the 51 responses to ―Other‖, the most commonly listed items were: fingers, 
thumbs, and hands; keys; books and paper; and pens, crayons, and markers.  There were 
seven write-in responses for the first two aforementioned categories and six responses for 
each of the latter two categories.  A number of questionnaires also indicated that children 
put rocks (five responses), crib rails (two responses), hair (one response), carpet, 
blankets, and stuffed animals (three responses), cans, plastic, straws, and strainers (one 
each, for a total of four responses), shoes and shoe strings (two responses), remote 
controls and batteries (one response), money (one response), and pacifiers (one response) 
into their mouths.  Still others were more vague and indicated that children put ―different 
objects into their mouth‖ (one response), ―everything‖ (two responses), and ―anything 
into their mouth‖ (one response).  Only one respondent failed to identify what was 
indicated by their ―Other‖ response. 
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Question 2 (Does the child eat any imported candies?), hereby abbreviated Imported 
Candies, listed eight brands or types of imported candy, which are shown in the literature 
to have been historically associated with lead contamination.  Any and all affirmative 
responses could be checked.  An ―Other‖ category could also be indicated, with a space 
for write-in responses.  The frequency of responses to Imported Candies can be seen in 
Table 5.  
 
Table 5: Responses to Imported Candies 
Question 2: Does the child eat any imported candies? 
  Response Frequency Percent   Response Frequency Percent 
Chaca 
Chaca 
No 556 98.6 
 Saladulces 
No 546 96.8 
Yes 8 1.4 Yes 18 3.2 
Paleta 
No 376 66.7 
Tamarindo 
No 479 84.9 
Yes 188 33.3 Yes 85 15.1 
Tama Roca 
No 554 98.2 
Vero 
No 531 94.1 
Yes 10 1.8 Yes 33 5.9 
Vagabundo 
No 562 99.6 
Other 
No 553 98.0 
Yes 2 0.4 Yes 11 2.0 
Lucas 
No 449 79.6  
 
    n = 564 
Yes 115 20.4      
 
Eleven participants indicated that their child eats an imported candy of a type or 
brand which differed from the listed options.  Two responses indicated that the candy 
eaten was not of Mexican origin; one response each was indicated for English toffee and 
Spanish/Portuguese chocolate.  Eight responses identified candies or other treats 
imported from Mexico.  Galletas (cookies) and ―acordias - marshmallow cookies‖ were 
indicated once each, in two separate responses.  The remaining questionnaires indicated 
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that children eat ―rocka paleta‖ (two responses), ―muelas‖ (one response), ―Pica Gomas‖ 
(one response), ―Ricolino and coronado‖ (one response), and ―paleta caramelo and paleta 
coronado de cajeta‖ (one response).  The final write-in response indicated that the child 
eats ―lollipops‖.   
Question 3 (Does the family use any of the following products?), hereby abbreviated 
Home Goods,  listed five varieties of home goods, which have been shown in the 
literature to be associated with lead.  Any and all affirmative responses could be checked.  
There was no write-in response option for this question.  The frequency of responses to 
Home Goods can be seen in Table 6.  The complete optional responses for Question 3 are 
not listed in full in the column headings of Table 6.  For reference:  Q3: Glazed Pots = 
Glazed Pots or Ceramics, Q3: Cook/Dinnerware = Painted or Soldered Cooking and 
Dinnerware, and Q3: Lunch Boxes = Metallic or Vinyl-Lined Lunch Boxes. 
 
Table 6: Responses to Home Goods 
Question 3: Does the family use any of the following products? 
  Response Frequency Percent   Response Frequency Percent 
Glazed 
Pots 
No 491 87.1 Cook/ 
Dinnerware 
No 475 84.2 
Yes 73 12.9 Yes 89 15.8 
Leaded 
Crystal 
No 543 96.3 Lunch 
Boxes 
No 542 96.1 
Yes 21 3.7 Yes 22 3.9 
Pewter 
No 473 83.9    n = 564 
Yes 91 16.1     
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Question 4 (Does the family use any home or ethnic remedies, condiments, spices or 
additives?), hereby abbreviated Ethnic Remedies, listed twelve ethnic remedies and 
cosmetics which have been associated with lead poisoning according to the literature.  
Any and all affirmative responses could be checked.  Here again, an ―Other‖ category 
could also be indicated, with a space for write-in responses.  The frequency of responses 
to Ethnic Remedies can be seen in Table 7.  
 
Table 7: Responses to Ethnic Remedies 
 
Question 4: Does the family use any home or ethnic remedies,  
condiments, spices or additives? 
  Response Frequency Percent   Response Frequency Percent 
Azarcon 
No 564 100.0 
Moonshine 
No 562 99.6 
Yes 0 0.0 Yes 2 0.4 
 
Litargirio 
No 564 100.0 
Ceruse 
No 564 100.0 
Yes 0 0.0 Yes 0 0.0 
Paylooah 
No 564 100.0 
Bala Goli 
No 564 100.0 
Yes 0 0.0 Yes 0 0.0 
Ghasard 
No 564 100.0 
Surma/Kohl 
No 564 100.0 
Yes 0 0.0 Yes 0 0.0 
Kandu 
No 564 100.0 
Kajal 
No 563 99.8 
Yes 0 0.0 Yes 1 0.2 
Sindoor 
No 560 99.3 
Other 
No 557 98.8 
Yes 4 0.7 Yes 7 1.2 
Greta 
No 564 100.0    n = 564 
Yes 0 0.0     
 
 
Seven questionnaires also indicated that other ethnic remedies, condiments, spices or 
additives were used in the home.  Of those, three responses indicated use of drinkable tea 
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or teas, and two indicated use of tea tree oil.  One additional response indicated use of 
―spice mix‖ and the final response indicated home use of Knorr-brand products. 
Question 5 (Does anyone in the child’s household work with lead?), hereby 
abbreviated Household Occupation, offered the opportunity for a dichotomous No/Yes 
response.  However, those who provided an affirmative response were given space to 
write-in the identified occupation.  In total, 127 questionnaires indicated possible ―take-
home exposure" to lead through occupation.  The majority of responses indicated that 
construction was the most common occupation identified for possible lead exposure.  
―Construction‖ and additional frequent write-in responses to Occupation can be seen in 
Table 8. 
 
Table 8: Responses to Household Occupation 
Question 5: Does anyone in the child’s household work with lead? 
  Response Frequency Percent   Response Frequency Percent 
Construction 
No 489 86.7 
Electrician 
No 560 99.3 
Yes 75 13.3 Yes 4 0.7 
Welding/ 
Iron Work 
No 558 98.9 
Renovation/ 
Landscaping 
No 553 98.0 
Yes 6 1.1 Yes 11 2.0 
Mechanic 
No 555 98.4 
Other 
No 542 96.1 
Yes 9 1.6 Yes 22 3.9 
n = 564 
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Six additional write-in responses simply indicated the personal relationship of the 
potentially lead-exposed worker to the child or listed the name of the worker, but did not 
indicate the occupational field.  For the remaining sixteen affirmative responses, 
respondents failed to provide any additional information. 
Blood Lead Level Data 
All 564 study participants provided a suitable blood sample for the analysis of blood 
lead concentration (or blood lead level, BLL), 435 of which were recruited at Lied Clinic.  
The remaining 129 blood samples were collected from children recruited at Kid’s 
HealthCare.  Of the total blood samples, 448 were collected via venous blood draw, while 
the remaining 116 were collected via capillary finger stick.  The method detection limit 
for venous blood draws was defined by Quest Diagnostic Laboratories to be 3µg/dL.  The 
method detection limit for the LeadCare
®
 II System used for capillary finger stick 
analysis was defined as 3.3µg/dL.   
Of the 564 total blood samples, 529 had undetectable levels of lead, based on their 
respective collection method detection limits.  Of the venous samples, 436 had levels of 
lead below 3µg/dL, while 93 of the capillary samples were below 3.3µg/dL.  All BLL 
laboratory results, according to both blood draw type and clinic of recruitment, can be 
seen in Table 9. 
 
 
 
 
 
  
50 
 
Table 9:  Blood Lead Level Results by Clinic and Draw Type 
Clinic 
Draw Type Total 
Count 
Percentage 
Venous Capillary 
LIED BLL  
Lab Results 
(µg/dL) 
<3 317 0 317 56.2 
<3.3 0 87 87 15.4 
3 4 0 4 0.7 
3.4 0 4 4 0.7 
3.5 0 2 2 0.4 
3.6 0 1 1 0.2 
3.7 0 2 2 0.4 
3.9 0 1 1 0.2 
4 4 0 4 0.7 
4.1 0 1 1 0.2 
4.2 0 2 2 0.4 
4.8 0 1 1 0.2 
5 1 0 1 0.2 
5.2 0 3 3 0.5 
5.4 0 1 1 0.2 
5.8 0 2 2 0.4 
6.4 0 1 1 0.2 
7 1 0 1 0.2 
Sub Total Detectable 10 21 31 5.5 
LIED Total 327 108 435 77.1 
KHC BLL 
Lab Results 
(µg/dL) 
<3 119 0 119 21.1 
<3.3 0 6 6 1.1 
3.3 0 1 1 0.2 
3.6 0 1 1 0.2 
4 2 0 2 0.4 
Sub Total Detectable 2 2 4 0.7 
KHC Total 121 8 129 22.9 
 Total Detectable 12 23 35 6.2 
  Grand Total 448 116 564 100.0 
 
 
Detectable BLL Group – Demographic Data 
There were only 35 participants (6.2% of the total population) placed into the 
Detectable BLL Group, based on collection method detection limits.  The majority of 
members in this group were recruited from Lied Clinic (n = 31, 88.6% of the Detectable 
BLL Group).  Of those 35, the majority of members were male (n = 27, 77.1% of the 
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Detectable BLL Group).  The mean age of the group was 2.29 ± 1.487 years, and 
although not statistically significant, female members (n = 8, 22.9% of the Detectable 
BLL Group) tended to be younger (mean age for females = 1.63 ± 0.916 years).   
The majority of detectable BLLs were reported for Hispanic participants (n = 29, 
82.9% of the Detectable BLL Group).  The ethnic distribution for the remaining members 
of this group was equal and included: African-American, white, and multi-racial 
participants (n = 2, representing 5.7% of the group, for each ethnicity).  Of the 29 
Hispanic members in the group, twenty (57.1% of the Detectable BLL Group) were 
further identified as Mexican, Mexican-American, Chicano, or Chicana.  Another two 
members (5.7% of the Detectable BLL Group) were Central American and the remaining 
seven members did not specify their ethnic background.  Most of the participants with 
detectable BLLs were insured by Medicaid (n = 28, 80.0% of the Detectable BLL 
Group), and almost equal numbers were either privately insured or did not have medical 
insurance coverage (n = 3 and n = 4, respectively). 
Detectable BLL Group - Questionnaire Data 
All 35 members of the Detectable BLL Group completed the required questionnaire.  
A summary of questionnaire responses for those with detectable BLLs, for each of the 
five questions, can be seen in Tables 10 - 14.  Case-by-case responses for each question 
can be seen in APPENDIX 5. 
 
 
 
 
  
52 
 
Table 10: Detectable BLL Group Responses to Non-Food Items 
 
Question 1: Does the child have a habit of eating, chewing, or sucking non-food items? 
  Response Frequency Percent   Response Frequency Percent 
Paint 
Chips 
No 34 97.1 
 Soil 
No 30 85.7 
Yes 1 2.9 Yes 5 14.3 
 
Jewelries 
No 31 88.6 Metallic 
Access. 
No 31 88.6 
Yes 4 11.4 Yes 4 11.4 
Pellets 
No 31 88.6 
Chalk 
No 35 100.0 
Yes 4 11.4 Yes 0 0.0 
Toys 
No 12 34.3 Fishing 
Sinkers 
No 35 100.0 
Yes 23 65.7 Yes 0 0.0 
Bullets 
No 35 100.0 
Other 
No 34 97.1 
Yes 0 0.0 Yes *1 2.9 
n = 35 
* The only write-in response in the Detectable BLL Group was ―keys.‖ 
 
Table 11: Detectable BLL Group Responses to Imported Candies 
 
Question 2: Does the child eat any imported candies? 
  Response Frequency Percent   Response Frequency Percent 
Chaca 
Chaca 
No 35 100.0 
 Saladulces 
No 33 94.3 
Yes 0 0.0 Yes 2 5.7 
Paleta 
No 17 48.6 
Tamarindo 
No 30 85.7 
Yes 18 51.4 Yes 5 14.3 
Tama Roca 
No 34 97.1 
Vero 
No 33 94.3 
Yes 1 2.9 Yes 2 5.7 
Vagabundo 
No 35 100.0 
Other 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Lucas 
No 28 80.0 
  
    n = 35  
Yes 7 20.0       
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Table 12: Detectable BLL Group Responses to Home Goods 
 
Question 3: Does the family use any of the following products? 
  Response Frequency Percent   Response Frequency Percent 
Glazed 
Pots 
No 29 82.9 Cook/ 
Dinnerware 
No 27 77.1 
Yes 6 17.1 Yes 8 22.9 
Leaded 
Crystal 
No 33 94.3 Lunch 
Boxes 
No 35 100.0 
Yes 2 5.7 Yes 0 0.0 
Pewter 
No 26 74.3    n = 35 
Yes 9 25.7     
 
 
Table 13: Detectable BLL Group Responses to Ethnic Remedies 
 
Question 4: Does the family use any home or ethnic remedies,  
condiments, spices or additives? 
  Response Frequency Percent   Response Frequency Percent 
Azarcon 
No 35 100.0 
Moonshine 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
 
Litargirio 
No 35 100.0 
Ceruse 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Paylooah 
No 35 100.0 
Bala Goli 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Ghasard 
No 35 100.0 
Surma/Kohl 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Kandu 
No 35 100.0 
Kajal 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Sindoor 
No 35 100.0 
Other 
No 35 100.0 
Yes 0 0.0 Yes 0 0.0 
Greta 
No 35 100.0    n = 35 
Yes 0 0.0     
 
 
  
54 
 
Table 14: Detectable BLL Group Responses to Household Occupation 
 
Question 5: Does anyone in the child’s household work with lead? 
  Response Frequency Percent   Response Frequency Percent 
Construction 
No 29 82.9 
Renovation 
No 34 97.1 
Yes 6 17.1 Yes 1 2.9 
Mechanic 
No 33 94.3 
 
    n = 35  
Yes 2 5.7       
 
 
Detectable BLL Group – Blood Lead Level Data 
Only 35 of the 564 analyzed blood samples had detectable levels of lead, based on the 
respective method detection limits.  The method detection limit identified for venous 
blood draw analysis was 3µg/dL, while the method detection limit for capillary finger 
stick analysis was slightly higher at 3.3µg/dL.  Twelve detectable BLLs were collected 
via venous blood draw on site at the clinics or at a Quest Diagnostics Laboratory.  The 
remaining 23 detectable BLLs were collected via capillary finger stick at the Southern 
Nevada Health District (SNHD).  Detectable BLLs ranged from 3µg/dL to a high of 
7µg/dL, with a mean BLL of 4.19 ± 1.013µg/dL.  None of the detectable BLLs exceeded 
the Center for Disease Control and Prevention’s ―level of concern‖ for childhood lead 
poisoning, currently set at 10µg/dL.  As such, no case management activities were 
initiated via the SNHD’s Childhood Lead Poisoning Prevention Program (CLPPP) for 
any participants in the study.  However, all detectable BLLs were reported to SNHD per 
2006 Clark County mandate.  The distribution of detectable BLLs by blood draw type 
can be seen in Figure 4. 
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Figure 4: Detectable Blood Lead Levels by Draw Type 
 
Detectable BLL Group – Case Descriptions 
Case 001 
Case 001 was a 4 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 001 had a venous 
blood draw, with a reported BLL of 3μg/dL.  Responses to the questionnaire indicated 
that: 1) he did not have a habit of putting any non-food items into his mouth, 2) he did not 
eat imported candies, 3) his household did not utilize any of the identified home goods, 4) 
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his family did not use any ethnic remedies or cosmetics, and 5) none of his household 
members worked in an occupation which the respondent felt may expose them to lead. 
Case 002 
Case 002 was a 2 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
002 had a venous blood draw, with a reported BLL of 3μg/dL.  Responses to the 
questionnaire indicated that: 1) he did not have a habit of putting any non-food items into 
his mouth, 2) he had eaten Lucas and tamarindo imported candies, 3) his household did 
not utilize any of the identified home goods, 4) his family did not use any ethnic remedies 
or cosmetics, and 5) none of his household members worked in an occupation which the 
respondent felt may expose them to lead. 
Case 003 
Case 003 was also a 2 year old Hispanic male and was of Mexican, Mexican-
American, or Chicano descent.  He was recruited from Lied Clinic and was also insured 
by Medicaid.  Case 003 had a venous blood draw, with a reported BLL of 3μg/dL.  
Responses to the questionnaire indicated that: 1) he did not have a habit of putting any 
non-food items into his mouth, 2) he did not eat imported candies, 3) his household did 
not utilize any of the identified home goods, 4) his family did not use any ethnic remedies 
or cosmetics, and 5) none of his household members worked in an occupation which the 
respondent felt may expose them to lead. 
Case 004 
Case 004 was a 2 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was also insured by 
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Medicaid.  Case 004 had a venous blood draw, also with a reported BLL of 3μg/dL.  
Responses to the questionnaire indicated that: 1) she had a habit of putting toys into her 
mouth, 2) she had eaten paleta and Lucas imported candies, 3) her household did not 
utilize any of the identified home goods, 4) her family did not use any ethnic remedies or 
cosmetics, and 5) none of her household members worked in an occupation which the 
respondent felt may expose them to lead. 
Case 005 
Case 005 was a 3 year old African-American male.  He was recruited from Kid’s 
HealthCare and was privately insured.  Case 005 had a venous blood draw, with a 
reported BLL of 4μg/dL.  Responses to the questionnaire indicated that: 1) he had a habit 
of putting toys into his mouth, 2) he did not eat imported candies, 3) his household did 
utilize painted or soldered cooking and dinnerware, 4) his family did not use any ethnic 
remedies or cosmetics, and 5) none of his household members worked in an occupation 
which the respondent felt may expose them to lead. 
Case 006 
Case 006 was a 1 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 006 had a venous 
blood draw, with a reported BLL of 4μg/dL.  Responses to the questionnaire indicated 
that: 1) he did not have a habit of putting any non-food items into his mouth, 2) he had 
eaten paleta imported candies, 3) his household did not utilize any of the identified home 
goods, 4) his family did not use any ethnic remedies or cosmetics, and 5) none of his 
household members worked in an occupation which the respondent felt may expose them 
to lead. 
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Case 007 
Case 007 was also a 1 year old Hispanic male and was of Mexican, Mexican-
American, or Chicano descent.  He was recruited from Lied Clinic and was uninsured.  
Case 007 had a venous blood draw, with a reported BLL of 4μg/dL.  Responses to the 
questionnaire indicated that: 1) he did have a habit of putting toys into his mouth, 2) he 
had eaten paleta and tamarindo imported candies, 3) his household utilized pewter home 
goods, 4) his family did not use any ethnic remedies or cosmetics, and 5) he had a 
household member who worked in an occupation which the respondent felt may expose 
them to lead, although the specific occupation was not indicated. 
Case 008 
Case 008 was a 1 year old African-American female.  She was recruited from Lied 
Clinic and was uninsured.  Case 008 had a venous blood draw, with a reported BLL of 
4μg/dL.  Responses to the questionnaire indicated that: 1) she had a habit of putting toys 
and keys into her mouth, 2) she did not eat imported candies, 3) her household did utilize 
painted or soldered cooking and dinnerware, 4) her family did not use any ethnic 
remedies or cosmetics, and 5) none of her household members worked in an occupation 
which the respondent felt may expose them to lead. 
Case 009 
Case 009 was a 4 year old white male.  He was recruited from Lied Clinic and was 
insured by Medicaid.  Case 009 had a venous blood draw, with a reported BLL of 
4μg/dL.  Responses to the questionnaire indicated that: 1) he did not have a habit of 
putting any non-food items into his mouth, 2) he did not eat imported candies, 3) his 
household did not utilize any of the identified home goods, 4) his family did not use any 
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ethnic remedies or cosmetics, and 5) none of his household members worked in an 
occupation which the respondent felt may expose them to lead. 
Case 010 
Case 010 was a 2 year old multi-racial male.  He was recruited from Kid’s 
HealthCare and was insured by Medicaid.  Case 010 had a venous blood draw, also with 
a reported BLL of 4μg/dL.  Responses to the questionnaire indicated that: 1) he did not 
have a habit of putting any non-food items into his mouth, 2) he did not eat imported 
candies, 3) his household did not utilize any of the identified home goods, 4) his family 
did not use any ethnic remedies or cosmetics, and 5) none of his household members 
worked in an occupation which the respondent felt may expose them to lead. 
Case 011 
Case 011 was a 1 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was insured by Medicaid.  
Case 011 had a venous blood draw, with a reported BLL of 5μg/dL.  Responses to the 
questionnaire indicated that: 1) she did have a habit of putting toys and soil into her 
mouth, 2) she did not eat imported candies, 3) her household did not utilize any of the 
identified home goods, 4) her family did not use any ethnic remedies or cosmetics, and 5) 
she had a household member who worked in construction. 
Case 012 
Case 012 was a 1 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
012 had a venous blood draw, with a reported BLL of 7μg/dL – the highest BLL in this 
study.  Responses to the questionnaire indicated that: 1) he did have a habit of putting 
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toys into his mouth, 2) he did not eat imported candies, 3) his household did not utilize 
any of the identified home goods, 4) his family did not use any ethnic remedies or 
cosmetics, and 5) none of his household members worked in an occupation which the 
respondent felt may expose them to lead. 
Case 013 
Case 013 was a 2 year old Hispanic male and was of Central American descent.  He 
was recruited from Kid’s HealthCare and was privately insured.  Case 013 had a capillary 
blood draw, with a reported BLL of 3.3μg/dL.  Responses to the questionnaire indicated 
that: 1) he did have a habit of putting toys into his mouth, 2) he did not eat imported 
candies, 3) his household did utilize pewter home goods, 4) his family did not use any 
ethnic remedies or cosmetics, and 5) none of his household members worked in an 
occupation which the respondent felt may expose them to lead. 
Case 014 
Case 014 was a 1 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
014 had a capillary blood draw, with a reported BLL of 3.4μg/dL.  Responses to the 
questionnaire indicated that: 1) he did have a habit of putting jewelries, toys, and soil into 
his mouth, 2) he did not eat imported candies, 3) his household did not utilize any of the 
identified home goods, 4) his family did not use any ethnic remedies or cosmetics, and 5) 
none of his household members worked in an occupation which the respondent felt may 
expose them to lead. 
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Case 015 
Case 015 was a 2 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was uninsured.  Case 015 had a capillary blood draw, 
with a reported BLL of 3.4μg/dL.  Responses to the questionnaire indicated that: 1) he 
did not have a habit of putting any non-food items into his mouth, 2) he did not eat 
imported candies, 3) his household did not utilize any of the identified home goods, 4) his 
family did not use any ethnic remedies or cosmetics, and 5) none of his household 
members worked in an occupation which the respondent felt may expose them to lead. 
Case 016 
Case 016 was a 1 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
016 had a capillary blood draw, with a reported BLL of 3.4μg/dL.  Responses to the 
questionnaire indicated that: 1) he had a habit of putting pellets and toys into his mouth, 
2) he did not eat imported candies, 3) his household did utilize glazed pottery or 
ceramics, pewter home goods, and painted or soldered cooking and dinnerware, 4) his 
family did not use any ethnic remedies or cosmetics, and 5) none of his household 
members worked in an occupation which the respondent felt may expose them to lead. 
Case 017 
Case 017 was a 2 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
017 had a capillary blood draw, also with a reported BLL of 3.4μg/dL.  Responses to the 
questionnaire indicated that: 1) he had a habit of putting toys into his mouth, 2) he had 
eaten paleta imported candies, 3) his household did utilize painted or soldered cooking 
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and dinnerware, 4) his family did not use any ethnic remedies or cosmetics, and 5) none 
of his household members worked in an occupation which the respondent felt may 
expose them to lead. 
Case 018 
Case 018 was a 4 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 018 had a capillary 
blood draw, with a reported BLL of 3.5μg/dL.  Responses to the questionnaire indicated 
that: 1) he had a habit of putting toys and soil into his mouth, 2) he had eaten paleta, 
Tama Roca, Lucas, Saladulces, and tamarindo imported candies, 3) his household did not 
utilize any of the identified home goods, 4) his family did not use any ethnic remedies or 
cosmetics, and 5) he had a household member who worked as a mechanic. 
Case 019 
Case 019 was a 3 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
019 had a capillary blood draw, also with a reported BLL of 3.5μg/dL.  Responses to the 
questionnaire indicated that: 1) he did not have a habit of putting any non-food items into 
his mouth, 2) he had eaten paleta imported candies, 3) his household did utilize glazed 
pottery or ceramics, 4) his family did not use any ethnic remedies or cosmetics, and 5) 
none of his household members worked in an occupation which the respondent felt may 
expose them to lead. 
Case 020 
Case 020 was a 1 year old multi-racial male.  He was recruited from Kid’s 
HealthCare and was insured by Medicaid.  Case 020 had a capillary blood draw, with a 
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reported BLL of 3.6μg/dL.  Responses to the questionnaire indicated that: 1) he did not 
have a habit of putting any non-food items into his mouth, 2) he did not eat imported 
candies, 3) his household did not utilize any of the identified home goods, 4) his family 
did not use any ethnic remedies or cosmetics, and 5) none of his household members 
worked in an occupation which the respondent felt may expose them to lead. 
Case 021 
Case 021 was a 3 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was insured by Medicaid.  
Case 021 had a capillary blood draw, also with a reported BLL of 3.6μg/dL.  Responses 
to the questionnaire indicated that: 1) she did have a habit of putting paint chips, 
jewelries, pellets, toys, and metallic accessories, pendants, or beads into her mouth, 2) 
she had eaten paleta, Lucas, and Saladulces imported candies, 3) her household did utilize 
glazed pottery or ceramics and pewter home goods, 4) her family did not use any ethnic 
remedies or cosmetics, and 5) none of her household members worked in an occupation 
which the respondent felt may expose them to lead. 
Case 022 
Case 022 was a 1 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
022 had a capillary blood draw, with a reported BLL of 3.7μg/dL.  Responses to the 
questionnaire indicated that: 1) he did have a habit of putting jewelries, toys, and metallic 
accessories, pendants, or beads into his mouth, 2) he had eaten paleta imported candies, 
3) his household did utilize glazed pottery or ceramics, 4) his family did not use any 
  
64 
 
ethnic remedies or cosmetics, and 5) none of his household members worked in an 
occupation which the respondent felt may expose them to lead. 
Case 023 
Case 023 was also a 1 year old Hispanic male and was of Mexican, Mexican-
American, or Chicano descent.  He was recruited from Lied Clinic and was uninsured.  
Case 023 had a capillary blood draw, also with a reported BLL of 3.7μg/dL.  Responses 
to the questionnaire indicated that: 1) he did have a habit of putting toys into his mouth, 
2) he had eaten paleta imported candies, 3) his household did utilize pewter home goods 
and painted or soldered cooking and dinnerware, 4) his family did not use any ethnic 
remedies or cosmetics, and 5) none of his household members worked in an occupation 
which the respondent felt may expose them to lead. 
Case 024 
Case 024 was a 3 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was insured by Medicaid.  
Case 024 had a capillary blood draw, with a reported BLL of 3.9μg/dL.  Responses to the 
questionnaire indicated that: 1) she did have a habit of putting toys into her mouth, 2) she 
had eaten paleta imported candies, 3) her household did utilize pewter home goods, 4) her 
family did not use any ethnic remedies or cosmetics, and 5) none of her household 
members worked in an occupation which the respondent felt may expose them to lead. 
Case 025 
Case 025 was a 1 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
025 had a capillary blood draw, with a reported BLL of 4.1μg/dL.  Responses to the 
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questionnaire indicated that: 1) he did have a habit of putting jewelries and toys into his 
mouth, 2) he had eaten paleta and Vero imported candies, 3) his household did utilize 
glazed pottery or ceramics, leaded crystal, pewter home goods, and painted or soldered 
cooking and dinnerware, 4) his family did not use any ethnic remedies or cosmetics, and 
5) he had a household member who worked in construction. 
Case 026 
Case 026 was a 1 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was insured by Medicaid.  
Case 026 had a capillary blood draw, with a reported BLL of 4.2μg/dL.  Responses to the 
questionnaire indicated that: 1) she did have a habit of putting toys into her mouth, 2) she 
had eaten paleta imported candies, 3) her household did not utilize any of the identified 
home goods, 4) her family did not use any ethnic remedies or cosmetics, and 5) none of 
her household members worked in an occupation which the respondent felt may expose 
them to lead. 
Case 027 
Case 027 was a 5 year old white male.  He was recruited from Lied Clinic and was 
privately insured.  Case 027 had a capillary blood draw, also with a reported BLL of 
4.2μg/dL.  Responses to the questionnaire indicated that: 1) he did not have a habit of 
putting any non-food items into his mouth, 2) he did not eat imported candies, 3) his 
household did not utilize any of the identified home goods, 4) his family did not use any 
ethnic remedies or cosmetics, but 5) he had a household member who worked in 
flooring/maintenance.  
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Case 028 
Case 028 was a 1 year old Hispanic female, with no indicated specific ethnicity.  She 
was recruited from Lied Clinic and was insured by Medicaid.  Case 028 had a capillary 
blood draw, with a reported BLL of 4.8μg/dL.  Responses to the questionnaire indicated 
that: 1) she did have a habit of putting toys into her mouth, 2) she had eaten paleta and 
tamarindo imported candies, 3) her household did utilize painted or soldered cooking and 
dinnerware, 4) her family did not use any ethnic remedies or cosmetics, and 5) she had a 
household member who worked in construction. 
Case 029 
Case 029 was a 5 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
029 had a capillary blood draw, with a reported BLL of 5.2μg/dL.  Responses to the 
questionnaire indicated that: 1) he did have a habit of putting pellets, toys, and metallic 
accessories, pendants, or beads into his mouth, 2) he had eaten paleta, Lucas, and Vero 
imported candies, 3) his household did not utilize any of the identified home goods, 4) his 
family did not use any ethnic remedies or cosmetics, and 5) none of his household 
members worked in an occupation which the respondent felt may expose them to lead. 
Case 030 
Case 030 was a 2 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
030 had a capillary blood draw, with a reported BLL of 5.2μg/dL.  Responses to the 
questionnaire indicated that: 1) he did have a habit of putting toys and soil into his mouth, 
2) he had eaten paleta, Lucas, and tamarindo imported candies, 3) his household did 
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utilize glazed pottery or ceramics and leaded crystal, 4) his family did not use any ethnic 
remedies or cosmetics, and 5) he had a household member who worked in construction. 
Case 031 
Case 031 was a 6 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 031 had a capillary 
blood draw, also with a reported BLL of 5.2μg/dL.  Responses to the questionnaire 
indicated that: 1) he did have a habit of putting pellets and toys into his mouth, 2) he had 
eaten paleta imported candies, 3) his household did not utilize any of the identified home 
goods, 4) his family did not use any ethnic remedies or cosmetics, and 5) he had a 
household member who worked as a mechanic. 
Case 032 
Case 032 was a 1 year old Hispanic female and was of Mexican, Mexican-American, 
or Chicana descent.  She was recruited from Lied Clinic and was insured by Medicaid.  
Case 032 had a capillary blood draw, with a reported BLL of 5.4μg/dL.  Responses to the 
questionnaire indicated that: 1) she did have a habit of putting toys, soil, and metallic 
accessories, pendants, or beads into her mouth, 2) she did not eat imported candies, 3) her 
household did utilize pewter home goods and painted or soldered cooking and 
dinnerware, 4) her family did not use any ethnic remedies or cosmetics, and 5) she had a 
household member who worked in construction. 
Case 033 
Case 033 was a 1 year old Hispanic male and was of Central American descent.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 033 had a capillary 
blood draw, with a reported BLL of 5.8μg/dL.  Responses to the questionnaire indicated 
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that: 1) he did have a habit of putting toys into his mouth, 2) he does not eat imported 
candies, 3) his household did not utilize any of the identified home goods, 4) his family 
did not use any ethnic remedies or cosmetics, and 5) he had a household member who 
worked in construction. 
Case 034 
Case 034 was a 5 year old Hispanic male and was of Mexican, Mexican-American, or 
Chicano descent.  He was recruited from Lied Clinic and was insured by Medicaid.  Case 
034 had a capillary blood draw, also with a reported BLL of 5.8μg/dL.  Responses to the 
questionnaire indicated that: 1) he did not have a habit of putting any non-food items into 
his mouth, 2) he had eaten paleta and Lucas imported candies, 3) his household did 
utilize pewter home goods, 4) his family did not use any ethnic remedies or cosmetics, 
and 5) none of his household members worked in an occupation which the respondent felt 
may expose them to lead. 
Case 035 
Case 035 was a 4 year old Hispanic male, with no indicated specific ethnicity.  He 
was recruited from Lied Clinic and was insured by Medicaid.  Case 035 had a capillary 
blood draw, with a reported BLL of 6.4μg/dL – the highest BLL for capillary draws in 
the study.  Responses to the questionnaire indicated that: 1) he did not have a habit of 
putting any non-food items into his mouth, 2) he had eaten paleta imported candies, 3) his 
household did not utilize any of the identified home goods, 4) his family did not use any 
ethnic remedies or cosmetics, and 5) none of his household members worked in an 
occupation which the respondent felt may expose them to lead. 
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Statistical Analysis of Research Hypotheses 
Statistical analysis was conducted on data from the Detectable BLL Group.  A test for 
two proportions was conducted in Minitab 15 statistical software in order to identify 
differences between venous and capillary blood draws, in terms of proportion of 
detectable BLLs.  The proportion (venous detectable BLLs = 12/448 = 2.7% and 
capillary detectable BLLs = 23/116 = 19.8%) was significantly different (p < 0.001).  
Despite this, and due to small sample size, venous and capillary detectable BLLs 
remained combined for analysis.  
Questionnaire Data 
Data from the questionnaire were entered directly into SPSS Statistics 18 software.  
Questions 1 through Question 4 (Non-Food Items, Imported Candies, Home Goods, and 
Ethnic Remedies) each had multiple response opportunities.  For subsequent analysis, 
these responses were transformed into categorical variables.  Responses were 
transformed to be dichotomous as either ―No response‖ or ―At least one response‖.  As 
such, any number of affirmative responses was collectively considered ―At least one 
response‖.  Question 5 (Household Occupation) had ―No‖/ ―Yes‖ responses which were 
categorical and did not require transformation.   Table 15 shows the case-by-case 
categorization of the data. 
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Table 15: Categorical Responses for the Detectable BLL Group 
  Question 1* Question 2 Question 3 Question 4 Question 5 
  Response Response Response Response Response 
Case 
Number 
No 
At 
least 
one 
No 
At 
least 
one 
No 
At 
least 
one 
No 
At 
least 
one 
No Yes 
001 X   X   X   X   X   
002 X     X X   X   X   
003 X   X   X   X   X   
004   X   X X   X   X   
005   X X     X X   X   
006 X     X X   X   X   
007   X   X   X X     X 
008   X X     X X   X   
009 X   X   X   X   X   
010 X   X   X   X   X   
011   X X   X   X     X 
012   X X   X   X   X   
013   X X     X X   X   
014   X X   X   X   X   
015 X   X   X   X   X   
016   X X     X X   X   
017   X   X   X X   X   
018   X   X X   X     X 
019 X     X   X X   X   
020 X   X   X   X   X   
021   X   X   X X   X   
022   X   X   X X   X   
023   X   X   X X   X   
024   X   X   X X   X   
025   X   X   X X     X 
026   X   X X   X   X   
027 X   X   X   X     X 
028   X   X   X X     X 
029   X   X X   X   X   
030   X   X   X X     X 
031   X   X X   X     X 
032   X X     X X     X 
033   X X   X   X     X 
034 X     X   X X   X   
035 X     X X   X   X   
Total 
Count 
12 23 16 19 19 16 35 0 25 10 
n = 35 
 
*  Question1:  Non-Food Items 
 Question 2: Imported Candies 
 Question 3:  Home Goods 
 Question 4: Ethnic Remedies 
 Question 5:  Household Occupation 
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Blood Lead Level Data 
Based on the research hypotheses, statistical analysis in this study was limited to 
analysis of the data for the Detectable BLL Group (n = 35).  As such, original continuous 
BLL data were also transformed into categorical variables.  All reported BLLs below 
their respective method detection limits were considered ―Undetectable BLLs‖, while all 
values in excess of the detection limits were considered ―Detectable BLLs‖ and were 
used for analysis.   
Research Hypotheses 
In order to analyze the study's research hypotheses, five separate tests for two 
proportions were conducted in Minitab 15 statistical software.  Data were entered into 
Fisher’s exact tests based on the response frequencies for Non-Food Items, Imported 
Candies, Home Goods, Ethnic Remedies, and Household Occupation, after data were 
transformed into categorical variables.   
Non-Food Items 
H01: p1 = p2 
HA1: p1 ≠ p2 
This hypothesis attempted to analyze the difference in the proportion of children with 
detectable blood lead concentrations who have the habit of eating, chewing, or sucking 
non-food items and those who do not have the same habit.  The result of the analysis for 
Non-Food Items can be seen in Table 16. 
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Table 16: Fisher’s Exact Test Results for Non-Food Items  
Test and CI for Two Proportions - Non-Food Items 
  Frequency n Sample p 
No responses 12 35 0.657143 
At least one 
response 
23 35 0.342857 
      
Difference = p (1) - p (2)    
Estimate for difference:  -0.314286   
95% CI for difference:  (-0.536676, -0.0918956) 
Z = 2.77; Fisher’s exact test: p-value = 0.016 
 
Results indicate that there was a statistically significant difference (p = 0.016) 
between the proportion of children with detectable blood lead concentrations who have 
the habit of eating, chewing, or sucking non-food items and those who do not have the 
same habit.  
Imported Candies 
H02: p1 = p2 
HA2: p1 ≠ p2 
This hypothesis attempted to analyze the difference in the proportion of children with 
detectable blood lead concentrations who ingest imported candies and those who do not 
ingest imported candies.  The result of the analysis for Imported Candies can be seen in 
Table 17. 
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Table 17: Fisher’s Exact Test Results for Imported Candies  
Test and CI for Two Proportions - Imported Candies 
  Frequency n Sample p 
No responses 16 35 0.457143 
At least one 
response 
19 35 0.542857 
      
Difference = p (1) - p (2)    
Estimate for difference:  -0.0857143   
95% CI for difference:  (-0.319113, 0.147684) 
Z = -0.72; Fisher’s exact test: p-value = 0.633 
 
Results indicate that there was no significant difference (p = 0.633) between the 
proportion of children with detectable blood lead concentrations who ingest imported 
candies and those who do not. 
Home Goods 
H03:  p1 = p2 
HA3: p1 ≠ p2 
This hypothesis attempted to analyze the difference in the proportion of children with 
detectable blood lead concentrations whose families use certain home goods, associated 
with lead contamination, and those whose families do not use the same home goods.  The 
result of the analysis for Home Goods can be seen in Table 18. 
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Table 18: Fisher’s Exact Test Results for Home Goods  
Test and CI for Two Proportions - Home Goods 
  Frequency n Sample p 
No responses 19 35 0.542857 
At least one 
response 
16 35 0.457143 
      
Difference = p (1) - p (2)    
Estimate for difference:  0.0857143   
95% CI for difference:  (-0.147684, 0.319113) 
Z = 0.72; Fisher’s exact test: p-value = 0.633 
 
The frequencies used for analysis of Home Goods were reverse of the frequencies 
used for analysis of Imported Candies.  Therefore, the results of the analysis were the 
same.  There was no significant difference (p = 0.633) between the proportion of children 
with detectable blood lead concentrations whose families use home goods, associated 
with lead contamination, and those whose families do not use the same home goods.   
Ethnic Remedies 
H04:  p1 = p2 
HA4: p1 ≠ p2 
This hypothesis attempted to analyze the difference in the proportion of children with 
detectable blood lead concentrations whose families use ethnic remedies or cosmetics and 
those whose families do not use ethnic remedies or cosmetics.  The result of the analysis 
for Ethnic Remedies can be seen in Table 19. 
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Table 19: Fisher’s Exact Test Results for Ethnic Remedies  
Test and CI for Two Proportions - Ethnic Remedies 
  Frequency n Sample p 
No responses 35 35 1.000000 
At least one 
response 
0 35 0.000000 
      
Difference = p (1) - p (2)    
Estimate for difference:  1   
95% CI for difference:  (*, *) 
Z = *; Fisher’s exact test: p-value = 0.000 
 
Results indicate a statistically significant difference (p = 0.000) existed between the 
proportion of children with detectable blood lead concentrations whose families use 
ethnic remedies or cosmetics and those whose families do not.  However, these results 
cannot be considered accurate due to inadequate sample size (no responders answered 
affirmatively). 
Household Occupation 
H05:  p1 = p2 
HA5: p1 ≠ p2 
This hypothesis attempted to analyze the difference in the proportion of children with 
detectable blood lead concentrations whose household members are exposed to lead in 
their occupation and those whose household members do not have lead exposure in their 
occupations.  The result of the analysis for Household Occupation can be seen in Table 
20. 
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Table 20: Fisher’s Exact Test Results for Household Occupation  
Test and CI for Two Proportions - Household Occupation 
  Frequency n Sample p 
No 25 35 0.714286 
Yes 10 35 0.285714 
      
Difference = p (1) - p (2)    
Estimate for difference:  0.428571   
95% CI for difference:  (0.216915, 0.640228) 
Z = 3.97; Fisher’s exact test: p-value = 0.001 
 
Results indicate that there was a statistically significant difference (p = 0.001) 
between the proportion of children with detectable blood lead concentrations whose 
household members are exposed to lead in their occupation and those whose household 
members are not occupationally-exposed.  
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CHAPTER 5 
DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS 
Discussion of Results 
Throughout the recruitment period, a total of 1,048 families were approached for 
participation in this study.  At that time, the families were provided educational materials 
regarding the dangers of childhood lead exposure and the need for screening to decrease 
the prevalence of childhood lead poisoning (APPENDIX 4).  A total of 811 children were 
originally enrolled in the study, of which 247 were ultimately excluded for failure to 
provide an adequate blood sample for analysis.  The 564 participating children did 
provide the necessary blood sample via venous draw or capillary finger stick and were 
screened for exposure to lead.   
A questionnaire was also completed for each participant, which attempted to measure 
the children’s possible exposure to lead through their unique behaviors, their individual 
or household use of potentially lead-contaminated products, and "take-home exposures" 
from occupationally-exposed household members.  Recruitment for the study was 
conducted at two local pediatric outpatient clinics (Lied Clinic and Kid’s HealthCare), 
which serve residents from high-risk zip codes (89030, 89101, 89110, 89115, 89121, 
89156, and 89169), as identified by the Southern Nevada Health District (SNHD, 2007).  
The majority of patients served by the clinics were also Medicaid recipients, a group 
considered to be at particularly high risk for elevated blood lead levels (CDC, 2000). 
However, of the 564 enrolled participants, only 35 had detectable blood lead levels 
(BLLs) based on method detection limits.  The BLLs ranged from 3µg/dL to a high of 
7µg/dL.  None of the study participants had BLLs in excess of CDC’s current 10µg/dL 
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level of concern.  The majority of participants in the Detectable BLL Group were male (n 
= 27), and the group had a mean age of 2.29 ± 1.487 years.  The majority of detectable 
BLLs were reported for Hispanic participants (n = 29), twenty of whom were further 
identified as Mexican, Mexican-American, Chicano, or Chicana.  Most of the participants 
with detectable BLLs were insured by Medicaid (n = 28) although four participants did 
not have any medical insurance coverage. 
The questionnaires from the 35 cases with detectable BLLs were analyzed in an 
attempt to find associations between possible exposures to lead and detectable BLLs.  For 
this sample, a greater proportion of children with detectable BLLs had the habit of eating, 
chewing, or sucking non-food items.  These results suggest that there may be a positive 
association between the habit of putting non-food items into the mouth and a resulting 
detectable BLL for the sampled population.  These results are consistent with the 
literature which identifies a number of products associated with oral exposure to lead and 
the knowledge that children have an increased frequency of hand-to-mouth behaviors 
(EPA, 2004).  Not surprisingly, the questionnaire data indicated that this habit was 
common among children in the study and also indicated that a number of children have 
multiple exposure opportunities.  Twelve of the 23 detectable BLL children with a habit 
of putting non-food items into their mouth were identified as doing so with more than one 
item. 
In contrast, there was no significant difference between the proportion of children 
with detectable BLLs who did eat imported candies and those who did not.  At first look, 
these results may seem to conflict with the literature, which implicates imported candies 
in a number of childhood lead poisoning cases.  However, not all imported candies are 
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contaminated with lead.  Additionally, the lead contamination of imported candies may 
vary considerably even between items of the same type, brand, batch, or serving.  
Further, a dose-response relationship for the ingestion of lead-contaminated imported 
candies has not been established, making an association between ingestion and 
subsequent BLL difficult to ascertain.  This study did not provide adequate information to 
determine if an association exists between a child’s ingestion of imported candies and the 
likelihood of obtaining a detectable BLL.   
However, questionnaire data did indicate that ten of the nineteen detectable BLL 
children, who eat imported candies, eat more than one variety.  The data indicated that 
one child ate as many as five different imported candy brands or types.  Therefore, 
despite few detectable BLLs, it seems as though the possibility for exposure to lead 
through contaminated imported candies remains high for participants in this study. 
In addition, there was no significant difference between the proportion of children 
with detectable BLLs whose families’ either did or did not use the identified home goods, 
shown to be associated with lead contamination.  Hereto, the literature identifies a 
number of home goods associated with lead exposure and subsequent childhood lead 
poisoning.  Yet again, not all home goods of the identified types are contaminated with 
lead.  Further, the contact that the child may have had with these particular items was not 
assessed in this study.  Consequently, this study was not able to determine if an 
association exists between a families’ use of certain home goods and their child’s 
achievement of a detectable BLL. 
Further, data from this study were inconclusive in determining if an association exists 
between a families’ use of ethnic remedies or cosmetics and their child’s subsequent 
  
80 
 
detectable BLL.  Statistical analysis did identify a significant difference in the proportion 
of children with detectable BLLs whose families did not use ethnic remedies and 
cosmetics and those who did.  However, this data should be considered inaccurate, due to 
the lack of any affirmative responses for this question.  With an inadequate sample size, 
this study cannot determine if an association exists between a families’ use of ethnic 
remedies or cosmetics and detectable BLLs for children in this group. 
Additionally, data from this study indicated that there was a significant difference in 
the proportion of children in the study with detectable BLLs who had household 
members that were potentially occupationally-exposed to lead and those who did not.  
Interestingly, the proportion of children with detectable BLLs was higher for those 
children who did not have identified household members working in occupations which 
may expose them to lead.  These results are in contrast to the literature, which suggests 
that occupationally-exposed individuals provide a greater opportunity for ―take-home 
exposures" to their children (Chiaradia et al., 1997).  These results may be indicative of 
an inconsistency between the perceived threat of occupational lead exposure and actual 
threats.  This apparent inconsistency identifies the need for further education of adults 
regarding true occupational risks of lead exposure. 
Finally, it is possible that any and all of the children with undetectable BLLs, 
particularly those with affirmative responses to the questionnaire, may actually have been 
exposed to lead.  It remains feasible that these children could have had lead exposures but 
simply not to extent necessary to obtain a detectable BLL based on current method 
detection limits.  As no threshold for the toxic effects of lead in children has yet to be 
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identified, it becomes all the more important to ensure screening methods have the lowest 
detection limits possible (ATSDR, 2007b).   
 
Discussion of Research Questions 
This study attempted to answer two research questions. First, the study attempted to 
determine the blood lead levels of children in Southern Nevada and assess the children's 
risk for lead poisoning.  The results for this study suggest that the BLLs in Southern 
Nevada children may be relatively low.  The results are similar to current Clark County 
estimates, which suggest that the prevalence of children with BLLs between 1 - 9µg/dL is 
29.5% and the prevalence of children with BLLs ≥ 10µg/dL is only 0.4% (SNHD, 2007).  
None of the participants in the study were considered to have BLLs which categorized 
them as being lead poisoned, at the time of analysis.  However, 35 detectable BLLs were 
identified, indicating the presence of some exposure.  Moreover, while all of the 
detectable BLLs in the study were below 10µg/dL, there is a growing body of research 
which suggests that BLLs below this action level may still adversely affect 
neurobehavioral development in children (Gilbert & Weiss, 2006).  Further, according to 
current CDC guidelines, it is recommended that all of the children with detectable BLLs 
below 10µg/dL be rescreened within 1 year, in order to sufficiently assess any changes to 
or continued threats of exposure (Bernard, 2003). 
Second, the study attempted to determine what factors, particularly in the area of 
atypical exposure sources, may be associated with Southern Nevada children’s BLLs.  
The study identified a number of potential exposure sources, which were fairly common 
in the study population.  The questionnaire results indicated that Southern Nevada 
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children may be at risk for detectable BLLs through putting toys in their mouths (a 
statistically significant association), their ingestion of paleta imported candies, their 
families’ use of pewter in the home, and their household members’ ―take-home 
exposure‖ from working in construction.   
Further, those children with non-detectable BLLs at the time of analysis did not 
display a complete absence of risk for lead exposure.  Questionnaires for the entire study 
population indicated that large numbers of Southern Nevada children frequently put toys 
in their mouths, eat paleta imported candies, have painted or soldered cooking and 
dinnerware used in their homes, and have household members working in construction.  
Based on the literature, which identifies these behaviors and products in connection to 
childhood lead poisoning, it is reasonable to assume that Southern Nevada children could 
continue to be at risk for lead exposure from these prevalent atypical sources.  
 
Study Limitations 
This study had a number of limitations, which suggest that the data and results should 
not be generalized to the entire population of Southern Nevada children.  The recruiting 
method was one of convenience and was limited to patients seen at only two of Southern 
Nevada's many pediatric clinics.  Although, the recruiting locations provided service to 
children considered to be at high-risk for elevated BLLs, due to either residential zip code 
or Medicaid-eligibility status, the children in the study may not be representative of 
Southern Nevada children as a whole.  In addition, the final sample size of 564 
participants is small when compared to the estimated number of young children currently 
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residing in Southern Nevada, approximately 128,000 children by 2005 projections 
(SNHD, 2007). 
Further, the small sample size of detectable BLLs (n = 35) also limited the statistical 
power of any analyses.  A statistically significant difference was found between the 
proportion of detectable BLLs identified through the methods of venous and capillary 
blood draws.  Despite this difference, the small sample size necessitated the combination 
of the results from these two methods for analysis and likely introduced some error into 
the results.  In an ideal sample, all BLLs would have been obtained via the same 
collection method or sample sizes would have been relatively equal between the two 
methods to truly ascertain significant differences.  As such, the drastic difference in 
sample size between the Detectable and Undetectable BLL Groups also made 
comparisons between these groups impractical.  Any results would likely have been 
masked by the significantly greater number of undetectable cases (n = 529, versus 
detectable cases, n = 35). 
The questionnaire utilized for the assessment of potential lead exposures was also not 
without limitations.  The questionnaire was developed by a group of experts in the field 
of childhood lead poisoning from the University of Nevada, Las Vegas.  It was originally 
designed to be utilized by busy medical professionals as a quick assessment tool to 
identify potentially at-risk children, who should then receive a blood lead test.  It was 
further designed to assist in the identification of possible atypical sources of exposure for 
subsequent environmental lead inspections, which would be conducted for children with 
elevated BLLs.  The questionnaire was not a validated research tool.  As such, a number 
of inadequacies limited its use during statistical analysis. 
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First, only those who agreed to participate in the study completed the questionnaire.  
This design had the potential for response bias.  No information was collected from the 
families which declined participation in the study and it is possible that those children 
were somehow systematically different from those who enrolled in the study.  It is 
possible that some of the children at highest risk for elevated BLLs would have had 
parents or guardians who were less likely to be concerned about health matters of this 
nature.  As such, the results from the study participants may not be truly representative of 
the population of interest. 
Also, the questionnaire data was obtained on behalf of the child from a parent or legal 
guardian.  Essentially, the data from the questionnaire was "self-reported" and was privy 
to the same recall biases as any self-reported data.  It is also possible that parents and 
legal guardians did not completely understand the questions (i.e. identifying domestic 
"lollipops" as imported candies and citing the use of commonly available "Knorr-brand 
products" as an ethnic spice).  It may also be true that parents or guardians were not 
comfortable associating their children with the items on the questionnaire identified as 
possible sources of lead exposure.  There is often a reluctance to report the use of such 
items often out of fear of punishment, particularly surrounding the use of ethnic remedies 
(CDC, 1993).   
Additionally, the questions themselves were limited in their ability to determine the 
association between affirmative responses and the achievement of a detectable BLL.  
Question 1 (Does the child have a habit of eating, chewing, or sucking non-food items?) 
provided no information regarding the frequency or duration of the identified behavior.  
Question 2 (Does the child eat any imported candies?) also did not address the frequency 
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or duration of imported candy ingestion, nor did it assess the amount of candy eaten.  
Question 3 (Does the family use any of the following products?) identified the presence 
of certain home goods in the household, but did not supply any additional information 
about the child's contact with said items.  Question 4 (Does the family use any home or 
ethnic remedies, condiments, spices or additives?) was controversial by nature, and, even 
if participants had answered affirmatively, frequency, duration, and direct exposure to the 
child were again not assessed.  Further, Question 5 (Does anyone in the child’s household 
work with lead?) depended heavily on the respondent's knowledge about the occupational 
exposures to lead for their household members.  It is not uncommon for employees to be 
unaware of the lead risks present in their occupation.  Without a list, similar to those 
provided for other questions, it is possible that occupations which may be associated with 
lead exposure were present in the study population, but simply were not recognized.   
Finally, because the questionnaire only provided data which was cross-sectional in 
nature, even with a larger sample size or more clearly defined questions, it would have 
been difficult to establish the causality of the exposure and the resulting detectable BLL.  
Further, even if this type of association would have been plausible, additional challenges 
would have presented themselves, particularly in the area of confounding variables.  As 
such, all results from this study are considered solely representative of the unique study 
sample and are limited in scope. 
 
Study Contributions 
Childhood lead poisoning was not a reportable condition in Nevada until funding 
from the Centers for Disease Control and Prevention was received for a Clark County 
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Childhood Lead Poisoning Prevention Program (CLPPP) in late 2006.  Prior to that time, 
screening and reporting were voluntary procedures; therefore, lead screening numbers 
were largely unknown (SNHD, 2007).  The Southern Nevada Health District (SNHD) 
reported that in 2000 they received only one voluntary blood lead test report for a child 
under 6 years old.  In 2001, only two reports were received and, in 2002 and 2003, a mere 
three blood lead test reports were received each year (SNHD, 2008).  In late 2004, the 
SNHD began an awareness campaign to increase blood lead screening and voluntary 
reporting which did result in improved screening numbers.  From August 2004 through 
March 2007 (reporting became mandatory in January 2007), the SNHD received 7,137 
reports for blood lead tests in children under 6 years old (SNHD, 2007).   
This study effectively contributed to SNHD's continued lead screening awareness 
campaign by providing more than 1,000 families with educational materials about the 
dangers of childhood lead poisoning.  While not a measurable outcome, the study likely 
raised awareness in a number of other families, simply through their contact with newly 
enlightened study participants.  In fact, a number of potential recruits informed the study 
investigators during their first encounter that they were already aware of and interested in 
lead testing, due to communication with friends or family already recruited into the study. 
In addition, this study successfully screened 564 Southern Nevada children under age 
6 for exposure to lead, representing a greater than 6000% increase over screening 
numbers from the years 2000 through 2003.  This number further represents 
approximately 8% of the total screening numbers for the years 2004 through 2007 alone.  
By contributing significantly to the total number of children screened, this study served to 
further clarify the current status of childhood lead poisoning in Southern Nevada. 
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Finally, this study was the first and only project of its kind in Nevada.  This study 
effectively engaged a number of healthcare practitioners at two of the county's busiest 
pediatric outpatient clinics.  As a direct result of the study, a greater number of local 
pediatricians actively encouraged screening young children for exposure to lead than had 
in the past.  Only through the continued, multifaceted support of prevention efforts can 
the goal of childhood lead poisoning elimination be obtained.  Consequently, it seems as 
though Nevada may have significantly lower prevalence rates of childhood lead 
poisoning to begin with - making the goal of elimination all the more feasible. 
 
Conclusions and Recommendations for Further Study 
Lead poisoning continues to be considered the most significant and preventable 
environmental health issue for children in the United States (CDC, 2000).  The Centers 
for Disease Control and Prevention (CDC) report that approximately 250,000 children 
currently have blood lead levels (BLLs) above 10µg/dL, the level at which intervention is 
recommended.  Unfortunately, evidence is building which suggests that adverse health 
effects are measurable in children with BLLs well below this arbitrary level and supports 
the assertion that there is no threshold for lead toxicity in children (Gilbert & Weiss, 
2006).  This knowledge suggests that an even greater number of children may be at-risk. 
In 1997, the CDC developed guidelines for the targeted screening of young children 
for exposure to lead in order to enhance prevention efforts.  The CDC recommended that 
all children receive a blood lead test at the ages of 1 and 2 years.  The CDC further 
recommended screening for children between the ages of 3 and 6 years old, if they had 
not been previously screened, if they lived in a high risk zip code, if they received public 
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assistance (i.e. Medicaid), or were otherwise considered to be at-risk (CDC, 1997).  This 
study served to supplement the CDC-guided screening activities conducted by the 
Southern Nevada Health District’s Childhood Lead Poisoning Prevention Program 
(CLPPP) and to contribute to the ultimate goal of childhood lead poisoning elimination.  
This study identified 35 children under the age of 6 years old with detectable BLLs.  
These children have been exposed to lead and it is unclear what irreversible adverse 
health outcomes they may experience over their life-course as a result of this acute or on-
going exposure.  The study also identified a positive association between a child's habit 
of putting non-food items into their mouth and the proportion of children with a 
detectable BLL.  This result, as well as, the identification by the questionnaire of a 
number of potential exposure sources present in the population, stresses the need for 
continued educational and screening efforts within Southern Nevada. 
Educational and screening efforts will require the participation of medical 
professionals, public health professionals, and academia alike.  Pediatricians should 
continue to be educated on and engaged in the CDC guidelines for lead screening, 
particularly those who deal with a high volume of Medicaid-eligible children, and should 
ensure that the guidelines are being consistently followed in their practice.  Public health 
professionals must continue to expand the knowledge of childhood lead poisoning 
universally.  Increasing knowledge and awareness surrounding the dangers of lead 
poisoning may convince more parents and guardians of at-risk children to seek out 
resources and permit the necessary blood analyses.  It may also convince more 
practitioners to adhere to the screening guidelines.  Further, academia should be 
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responsible for continued research and the development of useful tools to improve the 
risk-assessment process for medical and public health professionals in the field. 
Additionally, while screening children for their BLLs is an invaluable tool, it is 
essentially a secondary effort.  Ideally, a lead poisoned child should not be the trigger for 
prevention efforts.  In order to eliminate childhood lead poisoning in Southern Nevada, 
and elsewhere, a continued move towards greater primary prevention efforts is 
recommended.  Whenever possible, environmental interventions should precede medical 
interventions.  Current activities being conducted by the Southern Nevada CLPPP (i.e. 
residential and child-care facility lead risk assessments) need to be sustained.  In addition, 
the collective move towards multidimensional healthy homes initiatives will ensure that 
public health professionals capture a wider population of at-risk children.  
Finally, continued research is needed to more accurately assess the current status of 
BLLs in Southern Nevada children and children statewide.  Additional research is also 
needed to identify the true risk posed by atypical sources of exposure, particularly those 
identified by the questionnaire as being present in the community.  Research activities, 
such as those conducted at the University of Nevada, Las Vegas (i.e. assessing the 
presence of lead contamination in imported candies, toys, and pottery; the development 
of an IEUBK model for the ingestion of imported candies; examining children's teeth for 
lead biomarkers), call for support in the areas of continued funding and organizational 
encouragement.   In order to one day realize the goal of childhood lead poisoning 
elimination, it remains essential that the next generation of public health professionals 
contributes to the current body of knowledge on the subject and encourages public health 
practice and policy to become aligned with the research. 
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APPENDIX 1 
INSTITUTIONAL REVIEW BOARD APPROVAL 
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APPENDIX 2 
INFORMED CONSENT FORMS 
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APPENDIX 3 
QUESTIONNAIRE 
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APPENDIX 4 
SNHD EDUCATIONAL MATERIALS 
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APPENDIX 5 
DETECTABLE BLL QUESTIONNAIRE RESULTS 
Question 1: Does the child have a habit of eating, chewing, or sucking non-food items? 
Case 
# 
Paint 
Chip 
Jewelry Pellets Toys Bullets Soil 
Metal. 
Access. 
Chalk 
Fishing 
Sinkers 
Other Detail 
001 0 0 0 0 0 0 0 0 0 0  
002 0 0 0 0 0 0 0 0 0 0  
003 0 0 0 0 0 0 0 0 0 0  
004 0 0 0 1 0 0 0 0 0 0  
005 0 0 0 1 0 0 0 0 0 0  
006 0 0 0 0 0 0 0 0 0 0  
007 0 0 0 1 0 0 0 0 0 0  
008 0 0 0 1 0 0 0 0 0 1 keys 
009 0 0 0 0 0 0 0 0 0 0  
010 0 0 0 0 0 0 0 0 0 0  
011 0 0 0 1 0 1 0 0 0 0  
012 0 0 0 1 0 0 0 0 0 0  
013 0 0 0 1 0 0 0 0 0 0  
014 0 1 0 1 0 1 0 0 0 0  
015 0 0 0 0 0 0 0 0 0 0  
016 0 0 1 1 0 0 0 0 0 0  
017 0 0 0 1 0 0 0 0 0 0  
018 0 0 0 1 0 1 0 0 0 0  
019 0 0 0 0 0 0 0 0 0 0  
020 0 0 0 0 0 0 0 0 0 0  
021 1 1 1 1 0 0 1 0 0 0  
022 0 1 0 1 0 0 1 0 0 0  
023 0 0 0 1 0 0 0 0 0 0  
024 0 0 0 1 0 0 0 0 0 0  
025 0 1 0 1 0 0 0 0 0 0  
026 0 0 0 1 0 0 0 0 0 0  
027 0 0 0 0 0 0 0 0 0 0  
028 0 0 0 1 0 0 0 0 0 0  
029 0 0 1 1 0 0 1 0 0 0  
030 0 0 0 1 0 1 0 0 0 0  
031 0 0 1 1 0 0 0 0 0 0  
032 0 0 0 1 0 1 1 0 0 0  
033 0 0 0 1 0 0 0 0 0 0  
034 0 0 0 0 0 0 0 0 0 0  
035 0 0 0 0 0 0 0 0 0 0  
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Question 2: Does the child eat any imported candies? 
Case # 
Chaca 
Chaca 
Paleta 
Tama 
Roca 
Vagabundo Lucas Saladulces Tamarindo Vero Other 
001 0 0 0 0 0 0 0 0 0 
002 0 0 0 0 1 0 1 0 0 
003 0 0 0 0 0 0 0 0 0 
004 0 1 0 0 1 0 0 0 0 
005 0 0 0 0 0 0 0 0 0 
006 0 1 0 0 0 0 0 0 0 
007 0 1 0 0 0 0 1 0 0 
008 0 0 0 0 0 0 0 0 0 
009 0 0 0 0 0 0 0 0 0 
010 0 0 0 0 0 0 0 0 0 
011 0 0 0 0 0 0 0 0 0 
012 0 0 0 0 0 0 0 0 0 
013 0 0 0 0 0 0 0 0 0 
014 0 0 0 0 0 0 0 0 0 
015 0 0 0 0 0 0 0 0 0 
016 0 0 0 0 0 0 0 0 0 
017 0 1 0 0 0 0 0 0 0 
018 0 1 1 0 1 1 1 0 0 
019 0 1 0 0 0 0 0 0 0 
020 0 0 0 0 0 0 0 0 0 
021 0 1 0 0 1 1 0 0 0 
022 0 1 0 0 0 0 0 0 0 
023 0 1 0 0 0 0 0 0 0 
024 0 1 0 0 0 0 0 0 0 
025 0 1 0 0 0 0 0 1 0 
026 0 1 0 0 0 0 0 0 0 
027 0 0 0 0 0 0 0 0 0 
028 0 1 0 0 0 0 1 0 0 
029 0 1 0 0 1 0 0 1 0 
030 0 1 0 0 1 0 1 0 0 
031 0 1 0 0 0 0 0 0 0 
032 0 0 0 0 0 0 0 0 0 
033 0 0 0 0 0 0 0 0 0 
034 0 1 0 0 1 0 0 0 0 
035 0 1 0 0 0 0 0 0 0 
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Question 3: Does the family use any of the following products? 
Case # Glazed Pottery Leaded Crystal Pewter Cook/ Dinnerware Lunch Boxes 
001 0 0 0 0 0 
002 0 0 0 0 0 
003 0 0 0 0 0 
004 0 0 0 0 0 
005 0 0 0 1 0 
006 0 0 0 0 0 
007 0 0 1 0 0 
008 0 0 0 1 0 
009 0 0 0 0 0 
010 0 0 0 0 0 
011 0 0 0 0 0 
012 0 0 0 0 0 
013 0 0 1 0 0 
014 0 0 0 0 0 
015 0 0 0 0 0 
016 1 0 1 1 0 
017 0 0 0 1 0 
018 0 0 0 0 0 
019 1 0 0 0 0 
020 0 0 0 0 0 
021 1 0 1 0 0 
022 1 0 0 0 0 
023 0 0 1 1 0 
024 0 0 1 0 0 
025 1 1 1 1 0 
026 0 0 0 0 0 
027 0 0 0 0 0 
028 0 0 0 1 0 
029 0 0 0 0 0 
030 1 1 0 0 0 
031 0 0 0 0 0 
032 0 0 1 1 0 
033 0 0 0 0 0 
034 0 0 1 0 0 
035 0 0 0 0 0 
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* Question 4 data is omitted (responses were negative for all options, for all cases)  
Question 5: Does anyone in the child’s household work with lead? 
Case # No Yes Yes - Details 
001 1 0  
002 1 0  
003 1 0  
004 1 0  
005 1 0  
006 1 0  
007 0 1  
008 1 0  
009 1 0  
010 1 0  
011 0 1 Construction 
012 1 0  
013 1 0  
014 1 0  
015 1 0  
016 1 0  
017 1 0  
018 0 1 Mechanic 
019 1 0  
020 1 0  
021 1 0  
022 1 0  
023 1 0  
024 1 0  
025 0 1 Construction 
026 1 0  
027 0 1 Flooring 
028 0 1 Construction 
029 1 0  
030 0 1 Construction 
031 0 1 Mechanic 
032 0 1 Construction 
033 0 1 Construction 
034 1 0  
035 1 0  
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